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Defining Game Feel 


There is no standard definition of game feel. As players and game designers, we 
have some beginnings of common language, but we have never collectively defined 
game feel above what's necessary for discussing a specific game. We can talk about 
the feel of a game as being “floaty” or “responsive” or “loose,” and these descrip- 
tions may even have meaning across games, as in “We need to make our game feel 
more responsive, like Asteroids.” But if I ask 10 working game designers what game 
feel is—as I did in preparation for writing this book—I get 10 different answers. And 
here's the thing: each of these answers is correct. Each answer describes a different 
facet, a different area, which is crucial to game feel. 

To many designers, game feel is about intuitive controls. A good-feeling game is 
one that lets players do what they want when they want, without having to think too 
much about it. Good game feel is about making a game easy to learn but difficult to 
master. The enjoyment is in the learning, in the perfect balance between player skill 
and the challenge presented. Feelings of mastery bring their own intrinsic rewards. 

Another camp focuses on physical interactions with virtual objects. It's all about 
timing, about making players really feel the impact, about the number of frames 
each move takes, or about how polished the interactions are. 

Other designers insist that game feel is all about making the players feel as though 
they're really there, as though they're in the game. All their efforts go into creating 
a feel that seems more “realistic” to players, which somehow increases this sense of 
immersion, a term that is also loosely defined. 

Finally, to some designers, game feel is all about appeal. It's all about layering 
on effect after careful effect, polishing every interaction—no matter how trivial — 
until interacting with the game has a foundation of aesthetic pleasure. 

The problem is unity. How do these experiences become a cohesive whole? 
They all tell us something about game feel, but they do not help us define it. St. 
Augustine's comment about defining time comes to mind: “What then is time? If 
no one asks me, I know what it is. If I wish to explain it to him who asks, I do not 
know.” 

Game feel is the same way. Without close examination, we know what it is. Try 
to define it and the explanation quickly unravels into best practices and personal 
experiences. 
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This book is about how to make good-feeling games. But first we need to be 
clear about what game feel is. We need to separate medium from content. We need 
a definition that enables us to separate the conditions that are necessary for game 
feel from the judgments that make a game feel a certain way. 

What is the underlying phenomenon, apart from our own experiences and 
the craft knowledge of building games? What are the building blocks? Just what is 
game feel? 


The Three Building Blocks of Game Feel 


Game feel, as experienced by players, is built from three parts: real-time control, 
simulated space and polish. 


Real-Time Control 


Real-time control is a specific form of interactivity. Like all interactivity, it includes 
at least two participants—in this case the computer and the user—who come 
together to form a closed loop, as illustrated in Figure 1.1, the concept couldn't be 
simpler. 

The user has some intent, which is expressed to the computer in the form of the 
user's input. The computer reconciles this input with its own internal model and 
outputs the results. The user then perceives the changes, thinks about how they 
compare to the original intent, and formulates a new action, which is expressed to 
the computer through another input. 


FIGURE 1.1 Interactivity involves the exchange of information and action between at least 
two participants. 
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In his book, Chris Crawford on Game Design, game designer Chris Crawford 
likens this process to a conversation, a “cyclic process in which two active agents 
alternately (and metaphorically) listen, think and speak.” 

The conversation in Figure 1.2 begins when one participant, Bob, speaks. The 
other participant, Bill, listens to what was said, thinks about it, formulates a response 
and speaks in return. Now it's Bob's turn to listen, think and speak, and so on. In 
Crawford's model, a computer replaces one of the participants, “listening” to the 
player's input via the input device, thinking by processing that input and changing 
system state and “speaking” via the screen and speakers (Figure 1.3). 


“BoB' 
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FIGURE 1.2 Interactivity as a conversation. 


However, the metaphor of a conversation between human and computer doesn't 
fit all situations. Real-time control is not like a conversation. It's more like driv- 
ing a car. If a driver wants to turn left, it's more action than thought. He turns the 
wheel in the corresponding direction, using what he sees, hears and feels to make 
small corrections until the turn is complete. The process is nearly instantaneous. 
The “conversation” takes place in minute increments, below the level of conscious- 
ness, in an uninterrupted flow of command. The result of input feels as though it is 
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FIGURE 1.3 The conversation between human and computer. 


perceived in the same moment it's expressed. This is the basis of game feel: precise, 
continuous control over a moving avatar. 
This is a starting point for our definition of game feel: 


Real-time control of virtual objects. 


The problem with this definition is context. Imagine a ball suspended in a field of 
blank whiteness. How would you be able to tell if it were moving? Without the 
backdrop of space to move through, there can be no motion. More importantly, 
there can be no physical interaction between objects. For the sense of interacting 
physically with the game world, there needs to be some kind of simulated space. 


Playable Example 


If you're near a computer, open game feel example CH01-1 to experience the 
necessity of context. This is a first-person shooter game. Use the WASD keys to 
move around and the mouse to aim. Can you feel the motion? No? Now press 
the “1” key. With a simulated space, there is feel. 


Simulated Space 


Simulated space refers to simulated physical interactions in virtual space, perceived 
actively by the player. This means collision detection and response between a real- 
time controlled avatar and objects in a game world. It also means level design—the 
construction and spacing of objects relative to the speed of the avatar's movements. 
These interactions give meaning to the motion of an avatar by providing objects 
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to move around and between, to bump into, and to use as a frame of reference for 
the impression of speed. This gives us the tactile, physical sense of interacting with 
virtual environments the same way we interact with our everyday physical spaces. 
Using the avatar as a channel for expression and perception, we experience game 
worlds at the tactile, physical level of the world around us. 


Playable Example 


Open example CH01-2 to experience the difference. Move around and feel the 
sensation of control. Now press the “1” key to enable collisions. Feel how dif- 
ferent that is? 


The other necessary component for simulated space is that it must be actively 
perceived. Perception happens on a scale of passive to active. The interaction of 
objects you see on TV and in films is passively perceived. Exploring a simulated 
space using real-time control is active perception. Game feel is active perception. 

The key question is “How does the player interact with the space?” Some games 
have detailed collision/response systems and level design, but the player does not 
experience them directly. Starcraft is an example of a game like this, as we'll see 
in a moment. In other games, space is an abstraction. Games with grids, tiles and 
hexagonal movement use space abstractly. This is not a simulation of space in the 
literal sense, which is the sense we're after. Game feel as we're defining it means 
active perception of literal space. 

If we add the concept of context to our definition, it becomes: 


Real-time control of virtual objects in simulated space. 


This definition is close, but with it we are ignoring the impact of animations, 
sounds, particles and camera shake. Without these “polish” effects, much of the feel 
of a game is missing. There are objects interacting with only simulated responses 
giving clues about whether they're heavy, light, soft, sticky, metallic, rubber and so 
on. Polish sells interaction by providing these clues. 


Polish 


Polish refers to any effect that artificially enhances interaction without changing 
the underlying simulation. This could mean dust particles at a character's feet as it 
slides, a crashing sound when two cars collide, a “camera shake” to emphasize a 
weighty impact, or a keyframed animation that makes a character seem to squash 
and stretch as it moves. Polish effects add appeal and emphasize the physical nature 
of interactions, helping designers sell those objects to the player as real. This is 
separate from interactions such as collisions, which feed back into the underlying 
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FIGURE 1.4 Street Fighter Il without animation: just weird fighting boxes. 
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simulation. For example, if you take away the animations from Street Fighter II, you 
end up with something like Figure 1.4. 

If all polish were removed, the essential functionality of the game would be unal- 
tered, but the player would find the experience less perceptually convincing and 
therefore less appealing. This is because—for players—simulation and polish are 
indistinguishable. Feel can be just as strongly influenced by polish effects as by a 
collision system. For example, a simple squash and stretch animation layered on top 
of a moving avatar can radically change the feel of a game, as the creators of the 
popular student game De Blob discovered. A post from Joost Van Dongen reported 
that “When the ball bounces or moves very fast, it slightly deforms, and while roll- 
ing it slightly sags. On screenshots this is quite a subtle effect, but when seen in 
action, it really looks fun. An interesting detail is that it changes the feel of the 
gameplay entirely. Without the squash-shader, the game feels like playing with a 
ball made of stone. Then with no changes to the physics at all, the squash-shader 
makes it feel much more like a ball of paint. Nice to see how the player can be 
deceived about gameplay using graphics only”! (see Figure 1.5). 

Assembling these three elements—real-time control, simulated space and 
polish—into a single experience, we arrive at a basic, workable definition of 
game feel: 


Real-time control of virtual objects in a simulated space, with interactions 
emphasized by polish. 


The player controls the avatar, the avatar interacts with the game environment and 
polish effects emphasize those interactions and provide additional appeal. 


Examples 


The question that naturally follows is “Does game X have game feel?” With our 
basic definition, we can classify most games this way. For example, Sonic the 
Hedgehog has game feel while Civilization 4 does not. Sonic has real-time control 
while Civ 4 is turn based, placing it outside our definition. But to say that Civ 4 has 


!http://www.gamedev.net/community /forums/topic.asp?topic id=401276 
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no feel whatsoever seems wrong. It has polish effects —animations, sounds and par- 
ticles—and these alter the feel of interacting with the game, especially when things 
are clicked and when armies clash. 

What this indicates is that there are different types of game feel (Figure 1.6). 


FIGURE 1.5 Squash and Stretch in De Blob. 


1. In the center, where all three intersect, is true game feel. Games like Half-Life, 
Sonic the Hedgehog and Super Mario 64 reside here. These games have all the 
components of game feel as we've defined it. This type of game feel is the topic 
of this book. 


2. This is raw game feel. Even without polish effects, the simulation of collisions 
gives the experience of physical interaction between objects. But much of the 
appeal and sense of physical interaction is lost. Games are almost never released 
without polish effects, but you can play example CH01-3 to get a sense of what 
this feels like (press the “2” key once you've opened the game). 


3. This is pure aesthetic sensation of control. There is polished real-time control, 
but no substance to the interactions. This feels weird. With sounds and particles 
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FIGURE 1.6 The intersection of the building blocks creates a wide range of levels of game feel. 


but no simulated interaction, it's like seeing behind the curtain. There's a disso- 
nance for the player. The particle effects and sounds convey some impression of 
a physical reality, but there's a mismatch between the motion of the object and 
the polish clues. Without simulation, it's difficult to create a sensation of physi- 
cal interaction. There are rarely games that have this combination of real-time 
control and polish, but which exclude spatial simulation. (To experience this, 
press the “3”key in example CH01-3.) 


4. This is physical simulation used for vicarious sensation and to drive gameplay. 
Games like Peggle, Globulos and Armadillo Run use simulation this way. In 
these games, there's a detailed physical simulation driving interactions between 
objects but the resulting sensations are perceived passively because the player 
has no real-time control. In the same way, polish effects like sounds and par- 
ticles may serve to emphasize the interactions between objects or make them 
more appealing, but these sensations are perceived passively, as they would be 
in a film or cartoon. (Press the “4” key to experience this in example CH0O1-3.) 


5. This is naked real-time control, without polish or simulated space. Again, I can 
think of an example of a game that uses only real-time control without any kind 
of polish or simulation effects. (To experience this you can press the “5” key in 
example CH0O1-3. It's interesting to noodle around, but the motion doesn't have 
a lot of meaning or appeal without simulation and polish.) 

6. This is naked spatial simulation. The best example of this 'm aware of is the 
freeware game Bridge Builder. There is a physical simulation driving the motion 
of the objects, but is perceived passively. 
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7. Finally, there is naked polish. Games like Civilization 4 and Bejeweled use polish 
effects this way, without real-time control or spatial simulation.? In these games, 
polish effects sell the nature of the interactions, giving objects a weight, pres- 
ence, volume and so on, but these perceptions are indirect. 


Now let's apply. Where does, say, Starcraft sit on the diagram? 

At first glance, Starcraft appears to have real-time control. You can click at any 
time to specify new orders for your units. While moving units, you can update their 
destination as quickly as you can spam clicks onto the screen. But control over the 
units is not an uninterrupted flow from player to game. Each click is a momentary 
impulse of control that ends as quickly as it starts. You set the destination but don't 
guide the journey. This is not quite real-time control in the sense we're after. 

There also appears to be a simulated space Starcraft. Units can run into clifís, 
structures and rocks. But precisely those things that would lend a physical, tactile 
sensation—steering around objects, aiming and choosing when to fire—are handled 
by the computer. This is a simulated space with collisions and interactions, but per- 
ceived indirectly by the player. 

The one thing Starcraft has in abundance is polish. The units have detailed ani- 
mations, sounds and particles that sell their interaction with the game world and 
each other. The feel of Starcraft comes from these polish effects, and it is solid. 
Zerglings scamper, Marines trudge and everything explodes spectacularly when 
destroyed. This puts Starcraft on the Venn diagram in 4, the intersection of spatial 
simulation and polish. 

This is not true game feel. The control of units is not real time, and the player 
cannot interact with the simulated space directly. Because it has only one of the 
three criteria, Starcraft falls outside our definition for game feel. Okay, okay. Breathe. 
Be calm. 

Before you get your Zerglings in a bunch, remember that definition is not value 
judgment. We're defining the medium of game feel, not saying anything about good 
or bad game feel or about whether a game is good or bad generally. The anima- 
tions, sounds and particle effects in Starcraft are excellent, and as a game it's unri- 
valed in terms of balance and system design. 

For the purposes of this book, “game feel” means true game feel, the point at the 
center of our diagram. That is, games that includes real-time control, spatial simulation 
and polish. This book is about creating good-feeling games of that particular type. 
The other kinds of feel are important, but we have to draw the line somewhere. 

But what about a game like Diablo? This is where our definition gets a little 
murky. Does Diablo have real-time control or not? It seems real time, but the inter- 
face is lots of clicking. What's the threshold for real-time control? And what about 
simulated space? The character in Diablo walks around and bumps into things, but 
is this actively perceived by the player? Does it feel like navigating an everyday 


2Actually, both of these games make use of a mouse cursor, which is a form of real-time control. In 
these cases, though, the cursor is intended to be a transparent interface to the interesting choices in the 
game. The usage is more like using Web page than playing Cursor Attack. 
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physical space? We'll delve deeper into real-time control and simulated space in 
Chapter 2 to answer these questions. 

So what can we do with this definition and the three building blocks of game 
feel? To answer that question, let's now shift focus back to content, to expression 
and to the experience of game feel itself. Specifically, let's go through some of the 
different experiences of game feel and examine how game designers can craft them 
using real-time control, simulated space and polish. 


Experiences of Game Feel 


Game feel is comprised of many different experiences. For example, the simple 
pleasure of control, feelings of mastery and clumsiness, and the tactile sensation of 
interacting with virtual objects might all happen within a few seconds of picking up 
the controller. What we call game feel is the sum of all these experiences blended 
together, coming to the surface at different times. To understand game feel we need 
to understand the different experiences that comprise it; what they are, how they 
are crafted and how they interrelate. 
The five most common experiences of game feel are: 


e The aesthetic sensation of control 

e The pleasure of learning, practicing and mastering a skill 
e Extension of the senses 

e Extension of identity 


e Interaction with a unique physical reality within the game 


The Aesthetic Sensation of Control 


When I was young, playing Frogger and Rastan on my dad”'s Commodore 64, game 
feel was a toy. It was the delightful sense of puppetry I got when I controlled some- 
thing in a game. But it felt like the game was controlling me, too. Pd start lean- 
ing left and right in my chair, trying to move just a bit faster or more accurately. 
Pd pull my head a little to one side to try to see around something on the screen. 
Most of all, it just felt great to see something on a screen move and react to my 
button presses. I wasn't coordinated enough to really engage with the challenge of 
the game, but there was a pure, aesthetic beauty to control. I loved this sensation 
and played with it for hours. This was the experience of game feel as an aesthetic 
sensation of control. 


The Pleasure of Learning, Practicing and Mastering a Skill 


A few years later, when I played Super Mario Brothers for the first time, [was super-inept. 
Iwas playing with friends from down the block who were older and more coordinated 
and could afford their own Nintendo. My turn was short, blustering and red-faced. 
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However, before I had to hand off the controller, I had the sense that even the smallest 
motion could produce a long chain of interesting events and feel intensely rewarding. 
Smash a block with your head and it jiggles and makes a silly little noise. Hit an 
attractive, flashing question block in the same way and a coin pops out, accompanied 
by a shower of sound and animation. All of this rich, low-level interaction served to 
cushion the fact that, at first, the game was very challenging for a nine-year-old. It 
was OK to suck because it was fun just to noodle around and bump into things. 

There even seemed to be different skills, the same way you practice dribbling, 
kicking and heading in soccer. For example, I had to learn to time my jumps, hold- 
ing down the button for the right amount time, and to feather my presses of the 
d-pad to control speed. Combining small, incremental improvements in these areas, 
I started to get better and better, reaching higher levels of the game. Three weeks 
later, when Bowser tumbled bug-eyed into the lava, I felt a powerful sense of 
accomplishment, like scoring the tie-breaking goal. Id been playing soccer for two 
years, but this game gave me the same feeling of pride in just three weeks. In one 
neatly wrapped package, there were skills to master, rewards at every level and a 
hyper-accelerated ramp of increasing challenges upon which to test those skills. 
Even better, I didn't have to stop practicing because I was tired or because it was 
dark outside. This was the experience of game feel as a skill. 


Extension of the Senses 


I grew up a bit and learned how to drive a car. This learning was very similar to 
mastering the controls of a new game, but it seemed to take longer, to be less fun 
and to lack built-in milestones against which I could measure my progress. After a 
while, I began to develop a sense of how far the car extended around me in each 
direction. I could gauge how close I could drive to other cars and whether or not my 
car would fit into the parking space in front of Galactican.? To do this, I relied on a 
weird sort of intuition about how far the car extended around me, which made the 
car feel like a large, clumsy appendage. This was also like playing a game in a funny 
way. When I drove the car, as when I played Bionic Commando, I had a sense that 
thing I was controlling was an extension of my body. This was the experience of 
game feel as an extension of the senses. 


Extension of Identity 


After a memorable incident involving my parents” Volvo I realized that this sen- 
sation could flow in both directions. Late for class, I leapt in the car, threw it in 
reverse and slammed the gas, turning as I did. Scraaaaaape! I cringed, flinched and 
swore viciously. I pulled my hands off the steering wheel as though it were scald- 
ing hot. I had just smeared the car's side against a concrete pole. I still remember 


3A now defunct but once totally sweet arcade in Cupertino, Calif. You got eight tokens on the dollar, all 
the games were two tokens or less to play, and they had four-player air hockey. 
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the feeling as the car ground to a halt. It was as though Td stubbed my toe in a 
big, expensive, metal-rending way. Interestingly, I didn't think “Oh, darn, the car 
in which Pm sitting has come into contact with a concrete pole.” I thought “Oh, 
crabapple, I hit a pole!” In that moment, when car hit pole, the car was part of my 
identity, both physically and conceptually. Then I thought of my parents” reaction, 
and I was quickly snapped back to thinking of car and self as separate. One of us 
was in big trouble, and it wasn't the Volvo. 

Around this same time, I was playing Super Mario 64. It occurred to me after 
pole-ing the car that a similar process happened as I controlled Mario. My identity 
would subsume him when I was in the zone but the moment I hit a Goomba and 
was sent flying, I was suddenly pulled out, viewing him once again as a separate 
entity. This was the experience of game feel as an extension of identity. 


Interaction with a Unique Physical Reality within the Game 


This also made me more aware of just how physical it felt to pilot Mario around. 
As Mario obligingly collided with things in his world, skidding to a halt with puffs 
of particle dust or a spray of yellow stars, it felt tactile and physical. These artifacts 
gave me a sense of the weight and mass of the things in Mario's world, as did his 
interactions with them. Some things he could pick up and throw easily, like a small 
stone block. Some things, like Bowser, required considerably more heft. Sometimes, 
things would seem heavier or lighter than I imagined they ought to be. For example, 
the eponymous snowman's head from the Snowman's Lost His Head goal on Cool, 
Cool Mountain. The snowball is small, especially at first, and yet it pummels poor 
Mario out of the way every time. This too seemed to have an analogy in the real 
world: sometimes I would go to pick something up—a grocery bag, a piece of furni- 
ture that was rarely moved—and nearly pull my arm out of socket trying to heft the 
thing because it was much heavier than I had expected. This was the experience of 
game feel as a unique physical reality. 


The Experiences of Game Feel 


The aesthetic sensation of control is the starting experience of game feel. It is the 
pure, aesthetic pleasure of steering something around and feeling it respond to 
input. When players say a game is floaty, smooth or loose, this is the experience 
they're describing. An analogy from everyday life might be the feel of different cars; 
a 2009 Porsche feels better to drive than a 1996 Ford Windstar. 

Experiencing game feel as skill encompasses the process of learning. This 
includes the clumsiness of unfamiliar controls, the triumph of overcoming challenge, 
and the joy of mastery. Viewing game feel as a skill explains how and why players 
experience the controls of a game differently as their skill level increases, what “intu- 
itive controls” means, and why some control schemes are easier to learn than others. 


“When temporarily immobilized and grabbed by the tail, of course. 
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The everyday analogy is learning a new skill, whether it's driving a car, juggling or 
slicing carrots. 

Skillful control can also lead to the feeling of being in the zone, being one with 
the game and the loss of self-consciousness. If you've played a video game and lost 
track of time, you've experienced this sensation. You sit down to play a game for 
a few minutes and zone out only to emerge hours later, exhausted, elated and ful- 
filled. In everyday life, this happens all the time. You can zone out while driving on 
the freeway, folding socks or playing basketball. 

When players say “It feels like Im really there,” “It's like "m in the game” and 
“The world looks and feels realistic,” they're experiencing game feel as an exten- 
sion of the senses. The game world becomes real because the senses are directly 
overwritten by feedback from the game. Instead of seeing a screen, a room and a 
controller in their hands, they see Azeroth, the beach at Normandy or Donut Plains. 
This is because an avatar is a tool both for acting on the world and for perceiving it. 
There's no real-life example of this experience because the experience is the senses 
extending into the game, into a virtual reality. 

One result of this extension of the senses into the game world is the shifting of 
identity. Players will say “I am awesome!” during moments of skillful triumph and 
“Why did he do that!?” when they fail a moment later. With real-time control over 
an object, a player's identity becomes fluid. It can inhabit the avatar. The real-world 
analogy is identity subsuming a car. You don't say, “His automobile hit my automo- 
bile.” You say, “He hit me!” 

As the player's senses are transposed into the game world, they can also perceive 
virtual things the way they perceive everyday things: through interaction. In perceiving 
things in a game this way, objects seem to take on detailed physical characteristics. 
Objects can be heavy, sticky, soft, sharp and so on. When a player observes enough of 
these interactions, a cohesive picture of a self-contained, unique physical universe 
begins to emerge as the various clues are assembled into a mental model. This is the 
experience of game feel as a unique physical reality, as a game world with its own 
designer-created laws of physics. Figure 1.7 shows the whole thing put together. 
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FIGURE 1.7 How building blocks of game feel translate into experiences. 
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Creating Game Feel 


For the remainder of the chapter, let's explore each of these different experiences in 
detail, with focus on how the game designer can shape and build them. 


Game Feel as the Aesthetic Sensation of Control 


There can be a thoughitless joy to controlling something in a game. People experience 
this while riding a skateboard, surfing, ice skating or driving a car. It's the kinetic 
pleasure of moving through space, creating flowing arcs of motion and feeling your 
body or the thing you're controlling respond instantly to your impulses. Even without 
a specific goal in mind, there is this intrinsic pleasure to control. These sensations of 
control have some known aesthetic properties, as in the earlier example of the 
Porsche and Ford Windstar. The Porsche is smoother, handles better, has tighter cor- 
nering and so on. In a video game, the same aesthetic properties of control are in 
play. An avatar in motion can create flowing, organic curves as it moves and enable 
a player to feel the aimless joy of control. These sensations are what players mean 
when they say a game feels smooth, floaty or stiff. These sensations are a wonder- 
ful palette for game designers to draw on and use to engage players (Figure 1.8). 
When a game designer sits down to create a game and has an idea for a particu- 
lar feel in mind, the first task is mapping input signals to motion. The expressive 
potential is in the relationships. When a button gets pressed, is the response gradual 
or immediate? Does the avatar move forward relative to the screen or relative to 
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FIGURE 1.8 The aesthetic sensation of control. 
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itself? Or does it rotate rather than move? How fast does it move forward relative to 
its rotation? With the right relationships between input and response, controlling 
something in a game can achieve a kind of lyric beauty. The flip side is jarring, nau- 
seating or otherwise aesthetically unappealing motion resulting from player input. 

This mapping is a form of aesthetic expression. It defines how it will feel to con- 
trol the avatar. As with most artistic endeavors, there's no formula for the “right” 
feel. It's up to the designer to make the hundreds of tiny judgments about the intri- 
cate relationships between input and response. We'll explore this palette of mapping 
and how it translates to game feel in greater detail in Chapter 7. For now, note that 
these are aesthetic judgments, and the resulting feel is an expression of the design- 
er's sensibilities. 

Now imagine all the motions possible with one mapping. Every turn, twist, jump 
and run. The sum total of all motions possible with a mapping defines a possibility 
space for the player. This is not defining what a player will do; rather, it is defining 
what he or she can do. Every movement a player can ever accomplish with an ava- 
tar is defined by the designer's choices about how to correlate input to response. 

Each of the potential motions has an aesthetic character that will be experienced 
by the player if he or she steers the avatar through that action. This aesthetic pleas- 
ure has its own intrinsic reward and will encourage a player to explore the possibil- 
ity space by moving around in whatever way seems most aesthetically pleasing to 
them. The problem is, without some kind of focus, even great-feeling controls will 
quickly wear thin. 

For a game designer, the solution to this problem is to add some kind of chal- 
lenge. With a goal, motions of control take on a new meaning. Now it's possible to 
compare intent to outcome. It's possible to succeed or fail. The aesthetic pleasure of 
control has become a skill. 


Game Feel as Skill 


As Pm defining it here, a skill is a learned pattern of coordinated muscle movement 
intended to achieve a specific result. To measure skill is to measure the efficiency 
with which intent can be translated, via action, into results. 

If you're playing soccer, your intent may be to dribble through all the other play- 
ers on the soccer field and bend the winning goal past a floundering goalkeeper. In 
reality, this is one of many possible outcomes. It is much more likely that your skill 
will not be up to this level of challenge, and you will be stripped of the ball before 
you can get to the center line. But skills can be improved, and increasing levels of 
challenge can be mastered. If your goal is to dribble past one defender and make 
a deft pass to an open teammate, your odds of achieving that are relatively good. 
While this may not be the glowing level of pleasure you'd get from scoring the goal 
yourself, there are great feelings to be had from small, incremental victories. Even a 
particularly skillful kick or dribble while practicing in the backyard can feel wonder- 
ful because you know it can be later applied in the context of a soccer game. Soccer 
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is a set of challenges so compelling that isolating and practicing the skills seems 
worthwhile even outside the context of the game. 

This is similar to the experience of playing Counter-Strike. I was so compelled by 
the challenges of the game, I would boot up the level “cs italy” without other players 
and practice three skills: shooting a specific spot on a wall while moving side to side, 
quickly moving my aiming cursor from one spot to the next; and keeping the cursor on 
a single spot while [moved left, right, forward and back. I would sit in the level, alone, 
practicing these three skills for two to three hours before I would ever play the game 
online. It seemed worthwnhile to push myself into different, higher levels of skill. 

What this indicates is that game skills and real-world skills are essentially the same. 
They are learned patterns of coordinated muscle movements. The muscle movements 
are smaller, the skills are more focused and the motions are not constrained by 
physical reality, but the same process of learning and skill-building occurs. The pri- 
mary difference is that a video game designer has control over both challenge and 
physics. In the real world, there are a fixed set of properties—gravity, friction, the 
physiology of the human body and so on. The designers of soccer, whoever they 
were, had to work around these fixed properties to create interesting, meaningful 
challenges. Their palette consisted of lines on the ground, the size of the net, the 
physical properties of the soccer ball and rules like “you can't touch the ball with your 
hands.” Minh “Gooseman” Le, the designer of Counter-Strike, was able to craft eve- 
rything. He not only created the rules and challenges of the game, but also defined 
how fast players could move, how high they could jump, how accurate their weap- 
ons would be and what the values for gravity and friction would be in the game. 

Tweaking how the player moves and the creation of challenges both alter game 
feel. Changing the global values for gravity, friction and speed of character move- 
ment defined the basic sensation of control. Adding rules and challenges then 
changed this sensation by defining a set of skills to be practiced and mastered. The 
question is, how? How is skillful control a different experience from just control? 

The answer is that game feel and skill are related in three ways: 


e Challenge alters the sensation of control by focusing the player on different areas 
of the possibility space of motion, rewarding him or her for exploring it. 


e The feel of game changes depending on the skill of the player. 


e Players find controls to be intuitive when they can translate intent to outcome 
without ambiguity. 


Challenge Alters the Sensation of Control 


From the point of view of a game designer, there is a problem even with the 
best sensations of control. Controlled motion is pleasurable, but that pleasure is 
fleeting. Even if the game feels great, aimlessly controlling something gets boring 
quickly (Figure 1.9). 

Part of the problem is that if the aesthetic pleasure of control is the only encour- 
agement, the player will experience just a small subset of the possible motions. If we 
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again imagine every possible motion of a mapping as a possibility space, the area 
explored by a player will be limited, as in Figure 1.10. 

However, with a specific goal to pursue, control takes on new meaning. Aimless, 
pleasurable motion is replaced by focused, purposeful attempts to complete the 
challenges presented. This provides an incentive for players to find new areas of the 
possibility space, introducing them to sensations of control they would have missed 
otherwise. Challenge provides landmarks in the distance, encouraging the player to 
explore the aesthetic frontiers of the game. 

For example, a first-time player of Super Mario World will not experience all the 
sensations of the flying mechanic. It takes a lot of practice to learn the timing of 
feathering the button at the right moment, sustaining Mario in his sine wave pat- 
tern of flight. And yet this is one of the most pleasurable sensations of control in the 
entire game. Having access to this sensation—even just being aware of it—makes 
the game more appealing and engaging (Figure 1.11). 


FIVE 
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FIGURE 1.9 Without focus, the joy of control can become boring. 


MOTIONS POSSIBLE 


MOTLONS EXPERTENCED 


FIGURE 1.10 Players only experience as much of a game's feel as the area of this space they 
feel inclined to explore. 
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MOTIONS POSSIBLE 


— MOTIONS EXPERLENCED 


FIGURE 1.11 With challenges, there is a reason to explore more of the possible sensations 
of a particular mapping. 


Challenges not only encourage exploration of all possible motions, but assign 
new meaning to them. This changes the feel of control. For example, think of a 
mouse cursor. This is a form of real-time control so engrained that we rarely notice 
ourselves exercising it. But against the backdrop of a different challenge, mouse con- 
trol can take on a different feel, as in the Web game Cursor Attack. Cursor Attack 
requires the player to move the cursor in a very precise path as quickly as possible 
to reach a goal point. Normally, the goal of using a mouse is to navigate a Web 
page effectively and buy things like a good consumer, or to click, drag or otherwise 
manipulate the programs on your computer. In Cursor Attack there is an explicit 
goal (reach the end of the maze by touching the goal point) and an implicit goal 
(go as fast as you can.) The constraint is touching the wall of the maze, which 
causes an immediate game over. The result is a feeling of complete focus on the 
tiniest motions of the mouse. This feels very different from navigating a Web page. 
It makes the mouse cursor's movement feel very twitchy and much less precise. 
The cursor's size and its position in space suddenly become much more important. 
The skill requires a great deal of concentration, like threading a needle or try- 
ing to draw a perfect circle on a chalkboard. Just by changing two goals and one 
constraint, the feel of controlling a mouse cursor is new, fresh and interesting. 
Fortunately for game designers, real-time control lends itself to the creation of these 
kinds of challenges (Figure 1.12). 

Challenges consist of two parts: goals and constraints. Goals affect feel by giving 
the player a way to measure his or her performance. With a goal, it's possible to 
fail or succeed. It's also possible to fail partially, and to do better or worse than the 
last attempt. This creates players” nebulous perception of their own skill, their own 
ability to translate intent into reality. Depending on this perception, the feel of the 
game will fluctuate between clumsy and intuitive. In addition, the nature of the goal 
shapes the players” focus. As in Cursor Attack, the feel of real-time control changes 
depending on how the player is tasked with applying it. Does the goal require the 
player to make extremely precise, specific motions like Cursor Attack, or is it more 
wide open like Banjo Kazooie? How fast do the characters move, how far apart are 
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FIGURE 1.12 Challenges give meaning to motion, enabling sensations of control to sustain 
engagement across a whole game. 


the objects they're being asked to move in reference to, and are they meant to avoid 
them, collect them or touch them lightly? This is much of the art of game design as 
it pertains to game feel: what the players are supposed to do is as important as the 
controls that enable them to do it. 

A single goal can create multiple layers of intentions. For example, a high-level 
goal like “reach the top of the mountain” may require many steps to execute. But 
eventually it all trickles down to the level of real-time control. Reaching the top of the 
mountain means swinging to the next pole, and the next and so on (Figure 1.13). 

Constraints affect game feel by explicitly limiting motion. Instead of emphasizing 
a motion, a constraint selectively removes some motions from the possibility space. 
For example, the sidelines on a football field eliminate some possible motions, 
rewarding players who can quickly change directions side to side and who are good 
at exploiting gaps in the opposing team's defense. If there were no sidelines in foot- 
ball, a player could run endlessly in a direction to evade defenders and the essential 
skills would change. The same is true when we say that hitting an asteroid causes 
you to lose a life in Asteroids. By limiting motion, the player is again focused on 
particular motions, which changes the feel of control. 
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FIGURE 1.13 Agoaltrickles down to become different layers of intent. 
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These two tools, constraints and goals, enable game designers to shape real-time 
control into a specific feel. Goals emphasize certain parts of the possible motion 
while constraints specifically eliminate others. The result is the feel as the game 
designer wanted it to be. 

But what should the game designer's desired feel be? This is up to the designer, 
of course, but I find this question often answers itself through experimentation. With 
a prototype of real-time control featuring an avatar moving around an explora- 
tory space with lots of different shapes, sizes and types of objects to interact with, 
control organically evolves into skills and challenges. Can I get up to the top of 
that mountain? Can I fly between these buildings without hitting them? Can I 
jump across this gap? What I'm looking for in such a prototype are the best-feeling 
motions and interactions. In this way, the job of a game designer in crafting game 
feel is to explore the possibility space of a new mapping, emphasizing the good 
with goals and pruning the bad with constraints. 


Game Feel Changes Depending on the Skill of the Player 


When picking up the controls of an unfamiliar game, a player will feel inept, clumsy 
and disoriented. To an expert player, the same game will feel smooth, crisp and 
responsive. The game's controls will always be the same from an objective stand- 
point—the cold precision of programmed bits allows no other reality—but feel will 
change for the players depending on how well they can translate their intention 
into game reality. Each player will start at a slightly different skill level depending 
on past experience and natural aptitude, will learn at a different rate and will attain 
different heights of skill depending on how much her or she practices. This means 


20 


CREATING GAME FEEL 


that even for a single player, the feel of a game will change over time. This variabil- 
ity makes the feel of even a single game controversial. The argument goes like this: 


Internet Denizen 1: “Whenever I think of what the perfect “feel” for a game is, 
I think of Super Mario 64. Other than the camera, the controls were perfect.” 


Internet Denizen 2: “God, I hated Mario 64, the controls were terrible!” 
Internet Denizen 1: “You don't like the controls because you suck at it, n00b!” 


Because both parties are correct, this argument will never be resolved. For Denizen 
2, who was unable or unwilling to master the controls of the game, the feel was 
clumsy and unresponsive. Denizen 1ºs point of view is equally valid. For him, con- 
trolling Mario felt like extending himself into the game world, every movement 
becoming as accurate an expression of his intent as turning a steering wheel or 
swinging a baseball bat in real life. The point he's making—that without reaching 
a certain level of skill a player cannot appreciate the feel of a game—is valid. This 
is true both for soft, emergent skills like rocket jumping in Quake and for deeply 
nested controls such as the blue sparks in Mario Kart DS. When you're new, you 
don't use all the moves. In this sense, skill is the price of admission for game feel. 

But there are also instances when players learn to play a game at a very high 
level and will still say it feels bad to control. For me, the arcade classic Pac-Man 
embodies this paradox. I enjoy the game, but from an aesthetic point of view, the 
feel of moving Pac-Man around the maze is stiff, rigid and unappealing. For the 
opposite reason, a friend of mine never enjoyed Asteroids. The looping grace of 
the ship is aesthetically pleasing to control, but the skills of avoiding asteroids and 
shooting alien spacecraft were too unappealing to be worth learning. This implies 
a relationship between these two different experiences of game feel: the base, aes- 
thetic pleasure of control and the sensations of learning, practicing and mastering 
a skill. This relationship is cyclical, extends across the entire time a player plays a 
game and changes game feel constantly. The cycle looks something like Figure 1.14. 

When players first pick up a game, they suck. Players know this and accept 
it—skill is the price of admission—and they trust in the game designer. “If I take 
the time to learn this and agree to suffer through some frustration,” the player says, 
“you agree to give me some great experiences later.” The feel at this point is clumsy, 
disorienting and bad. It takes a great deal of conscious effort to perform the most 
basic tasks in the game. The pure aesthetic pleasure of control can be used as a 
tonic here, soothing frustration until the first success, but every game starts this way 
for a new player. Every new player feels clumsy, disoriented and frustrated during 
the initial learning phase. 

Over time, skills are mastered and get pushed down below the level of conscious 
processing. The player gradually improves relative to the challenges presented, and 
the feel gets better and better. Eventually, the player learns the skills well enough 
and breaks through, completing the current goal. Without the oppressive feeling 
of clumsiness, the aesthetic sensations of control come to the forefront, combining 
with the satisfaction of a challenge overcome to provide a reward for reaching this 
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FIGURE 1.14 The cycle of skilland game feel. As the player's perceieved level of skill 
changes, so does the feel of control. 


level of skill. Then the next challenge is introduced and the cycle starts again. The 
clumsy feel of being unskilled relative to the challenges provided once again over- 
whelms the aesthetic pleasure of control. 

Objectively, skill always improves over time. Subjectively, players will feel that 
the controls are alternately clumsy and intuitive depending on how their skill relates 
to the challenges the game is currently throwing at them. 

The best game designers create feel at different levels of skill. By knowing the 
skill of the player and what he or she is thinking about and focusing on, a clever 
designer can tune game feel differently at each level of skill. This insight into a 
player's skill might come from knowing which level the player is currently on, from 
which items are currently in the player's inventory or from extensive play testing in 
a multiplayer game. For example, if a player is on level 12 and the progression of 
levels is linear, you can assume he or she has mastered the skills necessary to com- 
plete the first 11 levels. You know the skill that was learned last (what the player 
will be focused on), which skills are completely reflexive (those already mastered) 
and which skills have not yet been encountered. With this knowledge, it's possible 
to shape the feel of a game across time. Guiding the player this way, a designer can 
leave breadcrumbs strewn across the possibility space of motion, emphasizing the 
best possible sensations of control while maintaining a balance of skill and chal- 
lenge. When the player has achieved the highest level of mastery, the game will 
have fulfilled the designer's goal for the best possible game feel. 
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FIGURE 1.15 The flow state: when challenge and skill are balanced for maximum player 
engagement. 


For this to work, however, players must never get so bored or frustrated that they 
stop playing. If this delicate balance between player skill and game challenge is per- 
fectly maintained, players will enter the flow state. 

Flow theory says that when a challenge you undertake is very close in difficulty 
to your current level of ability, you will enter the flow state, which is character- 
ized by a loss of self-consciousness, a distorted perception of time and a host of 
pleasurable sensations. Researcher Mihayli Csikszentmihalyi (pronounced “chicks- 
sent-me-high”) correlated these sensations with athletes, dancers and world-class 
chess players being “in the zone” and having things “just flow.” The gist is that 
when your ability matches really well to a particular challenge you can enter the 
flow state. If your skill is much greater than the challenge offered by a given activ- 
ity, you'll be bored. If your skill is far below the level of the challenge provided, 
you'll be frustrated. (See Figure 1.15.) Or, as in the case of rock climbing and other 
dangerous activities, you'll be anxious. Csikszentmihalyi says that “Games are the 
flow experience par excellence,” and for good reason. Video games especially have 
numerous advantages in creating and maintaining flow, such as providing clear 
goals; a limited stimulus field; and direct, immediate feedback.” 

From the perspective of game feel, flow is one of the ideal experiences. When 
players refer to being immersed in the game, part of what they're experiencing is 
flow. As the original researchers of flow discovered, entering the flow state and stay- 
ing there is one of the most rewarding experiences it is possible for people to have. 
From surgeons to painters to rock climbers, everyone who experienced flow regu- 
larly was happier, healthier, more relaxed and more energetic. And they knew it, 
loved it and sought out flow-producing activities because of it. In a video game or 
in real life, fueling this addiction requires taking on ever-greater challenges to match 
ever-increasing skills. As these higher levels of skill and challenge are reached, the 


*For a detailed description of the flow state, how you can tell if someone is entering or exiting it, how it 
enriches people's lives, and the conditions necessary to achieve it, reference Csikszentmihalyi's original 
work on flow, Beyond Boredom and Anxiety. 
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sensations of control change. A professional Counter-Strike player, like a profes- 
sional soccer player, feels the game differently. 


Intuitive Controls 


Unlike real life, players may begin to feel that the controls are not accurately translat- 
ing their intentions into the game. This is another place where game skills are slightly 
different from real-world skills. In real life, if you try to kick a ball and completely 
whiff it, you've no one to blame but yourself. In a game, the blame can actually lie 
with the game designer. 

What's important is the player's perception: is the inability to translate intent into 
desired reality because of his or her lack of skill or some problem with the game? 
Players often blame the controls when they don't get the result they intended and 
sometimes this blame is justified. A game designer is unlikely to map an input to a 
random result, but there are many instances when unintentional control ambiguities 
disrupt the sensation of control by making the player feel as though the game is not 
accurately responding to their input. 

When this happens, when the player feels the game is not accurately translating 
his or her intention into the game world, it's one of the worst feelings possible. It's 
game feel anathema. This sensation is the opposite of what players mean when they 
say “intuitive controls.” 

Intuitive controls mean near-perfect translation of intent into game reality. 
Players will be able to translate their intent into reality with varied degrees of effi- 
ciency, based on their skill. If the thing you're controlling does what you want and 
expect, accurately translating your impulses into the game, the controls are intui- 
tive. Control over the avatar feels like an extension of your own body into the game. 

There is a distinction between challenge (which makes the game more difficult 
in the dimension of skill) and interference (which obfuscates intent arbitrarily). Put 
another way, as long as the result of an action is predictable, the goals clear and the 
feedback immediate, it will fall on the scale of challenge. If not, it's interference, 
noise in the channel between the player's intent and the game's reality. 

When constructing a game mechanic, designers seek the ever-elusive worthwhile 
skill. It's intuitive and easily learned, but deep. It has a lyric, expressive quality, but 
you can hang a game's worth of challenges on it and it never gets stale. 


Game Feel as an Extension of the Senses 


To play a video game is often to focus intently on a screen, to the exclusion of 
all else. While this may cause consternation among parents, educators and career- 
minded politicians, what's happening is not a trance, but a transposition of senses. 
The screen becomes the player's surrogate visual sense. Instead of looking around 
and seeing a TV, a couch and their hands on a controller, players look through the 
screen into the game world. When players sit and stare, they are not catatonic. 
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Rather, theyve substituted their visual sense for one in the game world, extending it 


outward to a new place. They're looking around, keenly aware of their surroundings 


Consider a hammer. When you hit a nail with hammer, you can see the nail 
head get lower and you can hear the pitch change with each strike, driving the nail 
downward. These are direct perceptions. But you can also feel the nail through the 
hammer. With each strike, you can feel the nail driving deeper, whether you've hit 
it square on, whether the nail is beginning to bend and so on. Tactile feedback is 
coming back to you through the hammer. The hammer has become an extension of 
the sense of touch. 

Now consider the avatar in Katamari Damacy. Controlling the Prince of all 
Cosmos is an extension of three senses: sight, hearing and touch. As a player, I have 
a goal: to build my Katamari to a certain size. The first step in this goal is to pick up 
some thumbtacks I can see off to the left of my current position. Once that intent 
is formed, I begin to take action, pressing forward on the thumbsticks to move the 
avatar in the direction I want to go. To know whether Im turning the right amount, 
and when to stop turning and straighten out, Tll use visual feedback from the 
screen. [ll estimate the distance between avatar and thumbtacks. Each moment Il 
look at how much the Prince is turning relative to the pressure I'm exerting on the 
thumbsticks and make constant, tiny adjustments to maintain the proper course. 
This happens in a continuous cycle until I see that Ive turned and hear the satisfy- 
ing “collect” sound. If I run into something that's too large for my Katamari, I see 
the Katamari stop, see pieces fly off it, hear a crashing sound, see the screen shake 
and feel the rumble motors in the controller go off. 

In each case, a device overwrites one of my senses. The screen becomes vision, 
speakers hearing and rumble motors the sense of touch. The feedback from these 
devices enables me to experience things in a game as if they were objects in my 
immediate physical reality. I have the sense of moving around a physical space, 
touching and interacting with objects. The screen, speakers and controller have 
become an extension of my senses into the game world. The game world becomes 
real because the senses are directly overwritten by feedback from the game. By 
hooking into the various senses, a screen, a speaker or a joystick can make the vir- 
tual feel real. 

When game designers create camera behavior, implement sound effects or trig- 
ger rumble motors, they're not defining what players see, hear and feel. Rather, they 
are defining how players will be able to see, feel and hear in the game. The task is 
to overwrite real senses with virtual ones. In defining game feel, we must acknowl- 
edge this fact and embrace it. To experience game feel is to see through different 
eyes, hear through different ears and touch with a different body. 


fera behavior. The camera is the player's point of view, the point in the game's world 
that represents his or her eyes, determining what view of the game world will be dis- 
played on the screen. If the first task of a game designer creating a particular feel is 
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mapping input signals to motion, and the second task is to create a space and 
objects to give that motion a frame of reference, the third task is defining the 
behavior of the camera. There are no games Pm aware of that use sound or control- 
ler rumble as a primary feedback for real-time control. 


but most games are built using visual feedback only, with sounds and controller 
Tumble added as polish effects. This is why creating the camera and its behavior is 

Without any of these three— 
mapping, a basic-level layout and camera behavior—the feel of a game is not reli- 
ably testable. For a designer, these are the three foundations of game feel. 

The two important decisions to make about a camera are where it will be and 
how it will move relative to the avatar. The combination of where the camera is and 
how it moves defines the player's impression of speed. 

Because the camera is not just an object being controlled but is also an organ of 
player perception, its motion requires some special treatment. Usually, these prob- 
lems handle themselves. If the camera's movement is too jarring or disorienting, 
or if the player can't see what they need to see to engage with the challenge of the 
game, the designer simply iterates until these problems are reduced or mitigated. 


The most common choices are: (don't move the camera more than you have to, move 
from programmed behavior. Otherwise, the camera causes interference between 


intent and result, making the controls less intuitive for the player. Worse than that, 
the motion of a camera can actually cause physical nausea. This is an interesting 
confirmation that feedback from the screen is truly overwriting visual perception. 
Motion sickness happens when the signals received by the inner ear don't agree 
with the signals received by the eyes. For a player who's sitting stationary in a room, 
playing a game on an unmoving screen to experience motion, visual perception 
must be extended into the game via the screen. It's no wonder, then, that things like 
sudden drops in frame rate are so jarring and feel awful to the player. It's as if you 
were walking to the grocery store and your vision suddenly started to stutter and 
break down. This is also how it's possible for motion sickness to occur when a player 
is sitting stationary in a room playing a game on an unmoving screen. If the player's 
eyes in the game are the camera, the flow of feedback from that sense needs to be 
smooth and uninterrupted. 


Game Feel and Proprioception 


One sense that we might not consider part of game feel is kinesthesia. Kinesthesia is 
the sense that detects body position; weight; or movement of the muscles, tendons 
and joints. To get fancier, we can talk about “proprioception,” which is often used 
interchangeably with kinesthesia. Proprioception has the slightly more precise con- 
notation of being a person's subconscious awareness of the position of his or her 
own body in space. To understand what proprioception is, close your eyes, extend 
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your arm directly out in front of you and touch the ring finger of your right hand 
with your left hand. The sense that enables you to figure out where your finger is in 
space is without using visual or aural feedback is the proprioceptive sense. When a 
police officer has you walk a straight line, this is the sense he or she is testing. 

So how does game feel relate to proprioception? Proprioception comes from a 
complex and not especially well-understood bit of physiology that has to do with 
the movement of fluids in veins and the sensation of gravity pulling against ten- 
dons and muscles. Somehow this all gets assembled into a sense of the position of 
your own body in space. This is why most astronauts experience “space sickness” 
their first few days in zero gravity and sporadically thereafter. Even though they are 
highly resilient under extreme gravitational forces, as all astronauts must be, the 
body becomes disoriented by the lack of proprioceptive feedback. When gravity is 
taken away, the body loses its sense of “up” and reacts unpredictably, often in ways 
which involve a great deal of vomiting. In space. Gross. 

When controlling something in a video game, there is no “real” proprioceptive 
sense; there can't be. As much as you feel your character has become an exten- 
sion of your body, you will never receive the same kind of proprioceptive, muscle- 
stretching feedback from pressing a button as you get from swinging a tennis 
racket. 

So where does that leave us? It seems like proprioception is an important clue, 
because the feeling of controlling a game is clearly something more than visuals 
and sound alone would indicate. If we can't actually experience the G-force of a 
hairpin turn when playing a game, how can we explain why it feels so similar? 
Why do we lean in our chairs? As an interesting example, consider the case of Ian 
Waterman.º At the age of 19, a viral infection destroyed the nerves in his skin and 
muscles. He can still sense temperature, deep pressure and muscle fatigue, but his 
proprioceptive sense is entirely gone. He is able to piece together the location of 
his body in space only by observing it visually or through other subtle cues. If he's 
standing in his kitchen and the power goes out, he crumples to the floor, helpless 
until the lights come back on. What's fascinating is that, apparently, his movement 
now looks mostly normal. With supreme mental effort, he uses whatever clues his 
senses will give him (he can also use sound and temperature as feedback about the 
position of his body) to gauge the position of his body in space. 

On the surface, this seems in many ways to be similar to the experience of steer- 
ing a virtual object around a virtual space. Based on limited feedback, we experi- 
ence a kind of proprioception. We get a sense of the position, size and weight of a 
virtual object in virtual space. It would be a significant disservice to Mr. Waterman 
to end our assessment there, though. Even when manipulating something in purely 
invented, digital space, we have a significant advantage: we still use our sense of 
the position of our bodies to guide us. What a bunch of cheaters! 


óFor more information, see http://www.apa.org/monitor/jun98/touch.html 
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When you move a mouse, thumbstick or Wiimote, your proprioceptive sense 
is still active. Your thumbs, though their movements are small, are still giving you 
feedback about their position in space and about how much the buttons or thumb- 
stick on the controller is pushing back on them. You have a sense of where your 
body is in space, even if your primary feedback is coming from virtual objects in 
virtual space. In this way, controlling something in a game is a kind of amplifica- 
tion of your sense of space because you get a huge amount of reactive mileage out 
of very little real-world motion. It's like a megaphone for your thumbs. You're now 
concerned with how your real-world motion affects virtual objects; the process of 
motion and feedback is transposed. When we're controlling something in a game 
we're using not a debilitated proprioceptive sense, but an amplified one. 

Part of the experience of game feel, then, is amplified impression of prop- 
rioception generated from visual, aural and tactile feedback. It's an impression 
created through illusory means, but is experienced as real by the senses. The sen- 
sation of game feel is more than the sum of its parts: visuals, sound, motion and 
effects combine to form another sensation altogether, one we might term “virtual 
proprioception.” 


Game Feel as an Extension of the Player's Identity 


When perception extends into the game world, so does identity. It's the same thing 
that happens when you drive a car. As you drive, you have a sense of the position 
of the car in space and how far it extends around you. This enables you to parallel 
park, drive in a lane next to other cars and pull into your garage without crashing. 
Your senses extend outward, encompassing the car and receiving feedback. As this 
happens, the car becomes part of you, an extension of both body and self. This is 
why people who've crashed say “You hit me!” rather than “His car hit me!” or “His 
car hit my car!” 

When an avatar in a game feels like an extension of your own body and senses, 
identity flows outward to encompass it in the same way. Game designer Jonathan 
Blow calls this “proxied embodiment”— identity extends to some kind of proxy, 
inhabiting it and making it part of one's own body. “My guy” becomes “me.” 
What's interesting is just how capricious this transfer of identity can be. It can 
flow outward, encompassing something we're controlling and a moment later be 
withdrawn. We can say “Yes, I am amazing!” as we effortlessly wipe out a room 
full of Marines in Half-Life and moments later scream “No, Gordon Freeman, you 
stupid sumbitch! That's a bad Gordon Freeman!” as we accidentally fall off a cliff 
to grisly virtual death. For game designers, this flow of identity is great. It miti- 
gates the frustration that comes from challenging the player. A little cursing at the 
avatar is always preferable to the player becoming bored or frustrated and putting 
the game down. It provides a nice release for the player, who avoids blame and 
maintains engagement, getting back to the pleasurable sensations of control more 
quickly. 
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The extending of identity also gives a player the sensation of direct physical con- 
tact. It's a muted sensation—sgetting hit with a rocket in Quake is, one assumes, not 
the sensation of being hit with one in real life—but intimate nonetheless. When "m 
bumped, jostled, flung or impaled, it feels bad because it's as though it's happening 
to me physically. It's the same sensation I had hitting a pole in my parents” Volvo; 
it's not literally painful, but it feels like a personal injury. Likewise, when Im grab- 
bing, throwing, slashing or hitting, it feels good because Im reaching into the game 
and affecting things directly with a part of my extended virtual body. This is where 
impression of physical interaction becomes really powerful. Through a combination 
of polish and simulation, the designer can have players feeling theyve hit or been 
hit, shaping those interactions with great precision. 

Extension of identity isn't something you can design for directly. It grows natu- 
rally out of real-time control, and it can be disrupted by too much frustration, bore- 
dom or ambiguity between intent and outcome. It can also happen to greater or 
lesser degrees depending on the sensitivity of control. For example, I don't feel par- 
ticularly attached to each falling piece in Tetris. Our time together is fleeting, and 
I have a very low-sensitivity control over the block's movement. The blocks them- 
selves are not anthropomorphic, but this fact is less important than the expressivity 
of the controls. In Asteroids, which also has a very simplistic avatar, the transfer 
of identity is much more pronounced because there is more sensitivity inherent in 
the controls. It twirls and curves, narrowly missing asteroids. You really feel the 
extents of the ship, focusing on its size and position in space as you steer it around. 
Even Pong, which itself used only blocks as representation, had a greater poten- 
tial for identity transfer. The sensitivity of the paddle controller was high enough 
to feel like an extension of the senses and the identity. This is taken to an extreme 
in a game such as Quake; there's no barrier between identity and avatar. Tetris 
has a very low sensitivity of control, allowing only left-right movement and rota- 
tion in a grid. Quake maps a highly sensitive input device, the mouse, directly to 
rotation of the avatar. As long as it's not too frustrating and doesn't suffer from crip- 
pling control ambiguity, more sensitive controls will more readily accept a transfer 
of identity. 


Game Feel as a Unique Physical Reality 


Now I'd like you to help me in a little experiment. First, picture in your mind what 
would happen if you were to throw this book across the room and into a wall. Got 
it? Now please throw this book across the room and into a wall. Come on, no one's 
watching. Throw it. 

Pll assume you've thrown or not thrown according to your personal code of 
Book Ethics and have returned to reading. How did your expectations compare to 
the actual outcome of the book being thrown? Now noodle the book around in your 
hands, feel its weight and heft and thumb quickly through the pages, listening to 
the pleasing sound it makes. What do you notice? A paperback book, like this one, 
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is heavy, floppy and will generally go where you throw it, landing in a heap as the 
pages fan out in the air. Based on your previous experiences with paperback books, 
this was probably what you assumed would happen when you threw it. But how 
did you know that would happen? If you see a strange book lying on your coffee 
table, how can you be sure this object you see and recognize as a book is truly an 
object made of sheaves of pulped, pressed wood bound together into a flimsy brick? 
The answer is action. You had to throw it to find out. 

Based on your previous experiences with paperback books, you could make a 
reasonable guess about what would happen, but the only way to truly experience 
the physical properties of an object is to observe that object in motion. As an object 
interacts with other objects, including your hands, you quickly parse out its physi- 
cal properties. In a game, this same process of physical perception happens. In this 
sense, the experience of game feel is a kind of faked Newtonian physics. 

People are good at figuring out the physics of a virtual space because they're 
subconsciously familiar with the way things work in the real world. As soon as 
we encounter a virtual space, we piece together whatever clues we have about 
the physical laws that govern it into a mental model. We can't help it. It happens 
quickly and effectively and is based on what can be gleaned from the limited stim- 
ulus available: visuals, sounds, tactile feedback and motion. When all these har- 
monize, the fake physics are seamless; every tiny clue serves to support the same 
impression of physicality, from the simulated collisions through animations, sounds, 
screen shake and particle effects. Sometimes a piece of feedback will contradict the 
others, however, and this causes inconsistencies in the player's mental model of 
the virtual space. Even in the games that do a fantastic job of conveying the solid 
physics of their world, such as Gears of War, there are usually inconsistencies to be 
found (the characters” feet still clip through stairs, for example). 

In a video game, you don't sit in the thing you're steering and manipulating. 
You can't—the object you're controlling has no physical form. Objects in a video 
game are a digital construct in virtual space. However successfully they attempt 
to mimic the real world, they can only ever convey an impression of physicality. 
Creating a good-feeling game is in one sense the process of building this impression. 


Using sound and motion, we give players an entire universe worth of physical laws 
to reconstruct in their heads, a mental model of the virtual space. This happens 


in the same way we map the physical space we experience every day. The thrown 
book makes noise, thuds when it hits the ground, flops in the air, takes a certain 
trajectory, falls in a certain way, takes a certain amount of heft to launch. But the 
impression, the generalization, comes from the combination of sound, touch and 
motion. 

Consider the two bowling balls in Figure 1.16. You'd expect that if they roll into 
one another, they will make a satisfying clacking noise and roll away slowly. If, on 
the other hand, one ball deforms, makes a dull thud like a beach ball being kicked, 
and is flung violently in the other direction at the moment of impact, what can 
you surmise about the ball that was punted? At this point, you must assume that 
one ball is a clever visual forgery of a bowling ball, a beach ball in a bowling balls 
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FIGURE 1.16 Bowling balls collide and behave normally. 
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FIGURE 1.17 Bowling ball and Ping-Pong ball: who will win? 


clothing. Even though it looks like a bowling ball, the evidence offered by at least 
two other types of feedback, aural and motion, indicate overwhelmingly that it is 
not a true bowling ball. 

Now look at the balls in Figure 1.17. What would you expect if these two balls 
rolled into one another at speed? What if the Ping-Pong ball made a low, ominous 
humming noise and proceeded to split the bowling ball in half with its crushing 
power? What would you assume about its physical properties then? There would be 
no real-world analogy for what you've just perceived. 

Mentally you try to uncover the underlying physical reality. Clearly, even 
though it looks like a lightweight Ping-Pong ball, if it can destroy a bowling ball, 
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it must be made of something solid and heavy. We strive to resolve the dissonance 
by abandoning the visual cue because motion and sound outweigh it, evidence- 
wise. Likewise, a bowling ball, even if we can't hear the sound of it, still conveys 
heaviness by the way it moves and interacts with other objects. Even if visuals and 
sound are not congruent, motion will always trump them in creating the sense of 
impression. 

This is why things like interpenetrating objects or bizarre, unpredictable motion 
are disturbing to the player. For example, the visuals in id Software's Doom 3 were 
exemplary. Each creature was rendered at a high, normal-mapped level of detail 
much greater than the games that preceded it, and it was the first major commer- 
cial game to use a true lighting model as part of gameplay. Corners could actu- 
ally be dark, and the critters lurking there had to be illuminated with a flashlight. 
Unfortunately, these impressive visuals were belied by thin, tinny sounds (espe- 
cially the shotgun and machine gun effects) and the implausible, jerky motion 
of the everyday objects scattered throughout the game. Some props would fly and 
spin like helicopters, taking on a life of their own, while others would not react or 
move at all. There seemed to be no logic to the motion or lack of motion, and it cre- 
ated a powerful dissonance between visuals and motion. The impression of physi- 
cality was shattered. As game designer Brian Moriarty puts it, “... One reference 
to anything outside the imaginary world you've created is enough to destroy that 
world.”? 

Compare this to the more recent, great-feeling Gears of War. Gears of War had 
a great use of particle effects (especially sprays of dust as the characters slammed 
against walls), cinematic tricks such as lens distortion and screen shake, and 
extremely well-produced sound effects. This gave rise to a powerful and compel- 
ling impression of physicality. As independent game designer Derek Yu puts it, 
“.. In Gears it's like you're this giant wrecking ball with a gun attached to it, which 
is pretty sweet.” 


Summary 


To answer the question of what game feel is, we started with a basic definition of 
game feel: 


Real-time control of virtual objects in a simulated space, with interactions 
emphasized by polish. 


Using the three building blocks encompassed in this definition—real-time control of 
virtual objects, simulated space and polish effects—it's possible to create great-feel- 
ing games. 

We further defined great-feeling games as games that convey five different types 
of experience to the player: 


?“Andrew Rollings and Ernest Adams on Game Design” (page 59). 
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e The aesthetic sensation of control 

e The pleasure of learning, practicing and mastering a skill 
e Extension of the senses 

e Extension of identity 


e Interaction with a unique physical reality within the game 


Of these five experiences, no single experience encompasses game feel. Rather, 
game feel is all of these experiences simultaneously. During play, one experi- 
ence might come to the forefront. The player might feel supremely frustrated, be 
enthralled for a few moments by a beautiful sensation of control or feel the gory 
satisfaction of gibbing an opponent with a well-timed rocket. These experiences are 
not mutually exclusive and, at any time, each is present to some degree. 

These five experiences of game feel tell us a lot of interesting things about 
the way players experience game feel and the ways game designers utilize 
game feel. What they don't tell us about are the processes—physiological and 
psychological —that give rise to these experiences. To understand what game feel 
is at these levels, let us now take a slight detour away from human experience and 
into human perception. 
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Game Feel and 
Human Perception 


Understanding exactly how humans perceive the video game worlds we create is key 
to designing good game feel. We'll begin by examining our feedback loop model of 
interactivity from Chapter 1 in greater detail. By deconstructing each piece of this 
system and incorporating the concept of the Model Human Processor, we'll be able 
to define real-time control at the level of specific, measurable properties of human 
perception. This will tell us exactly when and how real-time control can exist and 
what will cause it to break down. We'll also look at the computer's side of things: 
what, exactly, are the parameters of machine illusion? Finally, we'll look at some of 
the implications of perception for game feel. 


When and How Does Real-Time Control Exist? 


In Chapter 1, we defined real-time control as the uninterrupted flow of command 
from player to game resulting in precise, continuous control over a moving avatar. 
Is more like driving a car than having a conversation, as we said. The part of the 
definition that needs clarifying is “uninterrupted.” What if the player can offer new 
input at any time, but the game can only receive it at set intervals? Or what if the 
player gets locked out for a certain amount of time, unable to add new input until 
an animation has finished playing? In other words, what is real-time control and 
how do we know when it's happening and when it's not? 

Let's again look at interactivity, this time with more specificity. There are two 
halves to this process, the player and the computer (Figure 2.1). On the player's 
side of things, there are unchanging properties of human perception. For example, 
there is a minimum amount of time in which a player can perceive the state of the 
game, think about how to act and pass that impulse along to his or her muscles. 

On the computer's side, this creates boundaries. To sustain real-time control, 
the computer must display images at a rate greater than 10 per second, the lower 
boundary for the illusion of motion. The computer must also respond to input 
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FIGURE 2.1 Interactivity in detail. 


within 240 milliseconds (ms), the upper boundary for response time. There's also 
a threshold for continuity; the game must be ready to accept input and provide 
response at a consistent, ongoing rate of 100ms or less. If the game responds to 
input sporadically, the flow of control is broken. The onus for maintaining real-time 
control, then, is on the computer. The computer's half of the process is changeable. 
The player's perception is not. 

On the player's side, the minimum amount of time it takes for a person to per- 
ceive the state of the world, think about what to do and act on that impulse is 
around 240 milliseconds. This is a very short amount of time. 

This correction cycle is the increment at which people make the tiny adjustments 
necessary to assemble a sandwich, drive a car or exercise real-time control over 
objects in video games. The measure comes from Card, Moran and Newells “Model 
Human Processor,” the collected result of many different studies about human 
reaction and response time. The figure of 240ms is an amalgam of three different 
measurements, one for perceiving, one for thinking and one for acting. They break 
down as ranges, like so: 


e Perceptual Processor: —100ms [50-200 ms] 
e Cognitive Processor: —70ms [30-100ms] 


e Motor Processor: —70ms [25-170ms] 
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FIGURE 2.2 The three processors: perceptual, cognitive and motor. 


What's being measured here is the cycle time of each processor, the time it takes to 
accept one input and produce one output. The variation comes from physiology and 
circumstance. Some people have the capacity to process things more quickly than 
others and everyone tends to process things more quickly under intense circum- 
stances, displaying a heightened sense of awareness. Likewise, processing speed 
goes down under relaxed or sub-optimal circumstances such as reading in the dark. 
In the model, each of these steps is defined as its own separate processor and has 
its own little cycle time (see Figure 2.2). 


Try It Yourself 


To appreciate the speed at which your processing functions, I highly recom- 
mend checking out humanbenchmark.com”s Reaction Time Test (http://www 
“Jhumanbenchmark.comtests/reactiontime/index.php.) This will give you a 
clear sense of just how small the increments of time we're talking about seem 
when you're able to measure them against the computer. My best reaction time 
is around 170ms. If you're like me, it will feel a bit weird to actually butt up 
against the limits of your own perception. But there it is: you can't argue with 
the precision of the computer measuring your reaction time. It's neat that we 
can measure this! 


The idea is that perception, cognition and action are processed separately but 
feed into one another, enabling a person to see the state of things, think about how 
to change them and then act on that impulse. Note that this is an abstraction of 
human cognition—nowhere in the anatomy of the brain is there a structure called 
the perceptual processor—but it is a useful one because it lets us put hard numbers 
to components of our diagram. 

The perceptual processor takes the input from the senses and makes sense of it, 
looking for patterns, relationships and generalizations. From all the sensory data, it 
creates recognizable state of the world for the cognitive processor. 

The cognitive processor does the thinking. It compares intended result to the cur- 
rent state of things and decides what to do next. 

The motor processor receives the intended action and instructs the muscles to 
execute it. After the impulses leave the body as muscle movements, they're out into 
wild, wooly reality, and the process starts again with sensory perception. 
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FIGURE 2.3 The three human processors in the interactivity diagram. 


All of this is happening at step 2 on our chart of interactivity, in the player's 
mind (Figure 2.3). 


Correction Cycles and Game Feel 


When all three processors (perceptual, cognitive and motor) work together in a 
closed feedback loop, the result is an ongoing correction cycle. A correction cycle 
happens any time you do something requiring precise coordination of muscles over 
time, whether it's picking up a book, driving a car or controlling something in a 
video game. Robert Miller of MIT's User Interface Design Group describes the pro- 
cess: “There's an implicit feedback loop here: the effect of the action (either on the 
position of your body or on the state of the world) can be observed by your senses 
and used to correct the motion in a continuous process.”! 

For example, imagine you want to reach out and grab a muffin that's sitting on 
your desk. You formulate intent: to grab the muffin (Figure 2.4). As soon as this 
intent is formulated, it is translated into action of your muscles—twist trunk in chair, 
activate arm muscles, open hand into “muffin claw” and so on. The moment this 
action starts, you perceive the position of your hand in space and see it start to move, 
responding to your impulses. The perceptual processor looks at where the hand is in 
space, passing that information on to the cognitive processor. The cognitive processor 


'http://ocw.mit.edu/NR/rdonlyres/Electrical-Engineering-and-Computer-Science/6-170Fall 
-2005/8B87E671-1B67-4FEF-A655-0ABDF89F4F5A/0/lecl6.pdf 
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FIGURE 2.5 Grabbing a muffin: an ongoing correction cycle. 


thinks about where the hand is relative to where it should be and formulates a new 
plan to correct that motion. The motor processor then takes the new plan and trans- 
lates it into action. From the moment movement starts to when you have the muffin 
in hand, you run this continuous process of action, perception and thought, increas- 
ing precision each time as a factor of distance and size of target (Figure 2.5). 
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FIGURE 2.6 Correction cycle time: 240 ms. 
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Because we know the cycle time of each processor (perceptual = 100ms, 
cognitive = 70ms, motor = 70ms) we know the time for each one of these correc- 
tion cycles, 240ms (Figure 2.6). 

Correction cycles are how people are able to track and hit targets with precision, 
steer things, point at things and navigate the physical world successfully. To experi- 
ence this first hand, check out example CH0O2-1. Try putting your cursor directly 
over the dots as quickly as possible. You can see the correction cycle in action as 
you overshoot, undershoot and then hone in, eventually coming to rest on your 
target. 

Now imagine you're hungry, and you're out of muffins. You get in your car and 
begin to drive to the muffin store. The overall goal for this trip is to get a sweet, deli- 
cious banana muffin. This goal trickles down to different layers of intention, such 
as “Turn right on Elk Street.” At the lowest level, it's about the moment-to-moment 
adjustments of the motion of the car to keep it in the lane, stop it at red lights and 
so on. As before, you perceive the state of the world, think about what corrections 
you need to make to the current motion and make the adjustments happen once 
every 240ms (Figure 2.7). 

The process is the same as when you were reaching across the desk except that this 
correction cycle goes on longer. The muffin on the desk was static and represented 
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FIGURE 2.7 The correction cycle of driving. 


a single target, a single intent. Driving to the store might take 20 minutes, fulfilling 
20 different sub-goals. 

In a video game, real-time control is an ongoing correction cycle of this type. 
As with driving a car, control is an ongoing process where higher-order intentions 
trickle down and become individual, moment-to-moment actions. These actions are 
a part of an ongoing correction cycle, where the player perceives the state of the 
game world, contemplates it in some way, and formulates an action intended to 
bring the game state closer to an internalized ideal (Figure 2.8). This happens at the 
same cycle time of —240 ms. 

The difference is, at the point where action normally goes out to physical reality, a 
video game substitutes a game world for the real world. It hooks right in there. The 
inputs to the perceptual processor come from the screen, the speakers and the feel 
of the controller. The output, instead of acting on objects in the real world directly, 
acts on the controller, which translates to movements of objects in the game world. 
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FIGURE 2.8 The correction cycle of real-time control in a video game. 


Fitt's Law 


There is a well-known formula, Fitt's Law, which can accurately predict how 
quickly you can move your hand to a target of a particular size at a certain 
distance. Fitt's Law is an unusually successful and well-studied HCI model that 
has been reproduced and verified across numerous studies. For reference, the 
formula is this: 


MT=a+h log (E + ) 
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where: 
MT = movement time 
a = start/stop time of the device 
b = speed of the device 
D = distance from starting point to target 
W = width of target measured along the axis of motion 


The original formula predicted how long it would take to reach out and touch 
something of a certain size a certain distance away, as long as it was within 
arm's length. It was later discovered to be equally applicable to the time it 
takes to move a mouse cursor to an object of a particular size and shape on a 
computer screen, so it is applied and studied by user interface designers. For 
example, the menu bar in the Macintosh OS is always present and takes up the 
entire top edge of the screen. This means that the “size” of the menu bar is 
functionally infinite, enabling the user to get the cursor onto it quickly and eas- 
ily, with very few correction cycles. Compare this to a tiny checkbox button or 
a hierarchical submenu. 


The Computer Side of Things 


Real-time control relies on the computer sustaining three thresholds over time: 


1. The impression of motion (display above 10fps). The frames displayed on the 
screen must be above 10 per second to maintain the impression of motion. The 
impression will be better and smoother at 20 or 30 frames per second. 


2. Instantaneous response (input to display happens in 240ms or less). The com- 
puter's half of the process must take less than correction cycle for the player. 
At 50ms, response feels instantaneous. Above 100ms, the lag is noticeable but 
ignorable. At 200ms, the response feels sluggish. 


3. Continuity of response (cycle time for the computer”s half of the process stays at 
a consistent 100ms or fewer). 


The Impression of Motion 


Similar to film and animation, the way that computers create and sustain the 
impression of motion is well understood. Think of each cycle of the player's percep- 
tual processor as a snapshot of reality, incorporating visual, aural, tactile and prop- 
rioceptive sensations. Each 100ms cycle, the perceptual processor grabs a frame of 
all these stimuli. If two events happen in the same frame—Mario in one position, 
then Mario slightly to the left—they will appear fused, as a single object in motion 
rather than a series of static images (Figure 2.9). This is perceptual fusion. 
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FIGURE 2.9 Ten frames per second is the threshold for the illusion of motion. 


From the computer's side of things, perceptual fusion explains how objects in a 
game appear to move. If the display is updated 10 times per second (100ms cycle 
time = 10 frames per second) this is sufficient for the illusion of motion. This is 
right at the border, though, and won't feel very good—20 frames per second (fps) is 
better, and 30fps is where motion begins to be pleasingly smooth. Most games run 
at 30fps or higher for this reason. As game developers know, with frame rates that 
vary based on processing power used it's better to be safe than sorry. There's no 
such thing as a frame rate too high. 


Instantaneous Response 


Perceptual fusion also influences the impression of causality. If I flip a light switch 
and the light comes on within the same perceptual cycle, I will register this as a 
cause-and-effect relationship. My action caused the light to turn on. The same thing 
is true for computer response: if [ move a mouse and the cursor seems to react 
immediately, I tend to assume that effect was caused by my action. An extension 
of this is the impression of responsiveness. Professor Miller describes the process: 
“Perceptual fusion also gives an upper bound on good computer response time. If 
a computer responds to a user's action within [—-100ms], its response feels instan- 
taneous with the action itself. Systems with that kind of response time tend to feel 
like extensions of the user's body.” 

With reality, there's never a problem of lag. Response will always be instanta- 
neous. In a game, response will never be instantaneous. Even a game running at 
60 frames per second, a three-frame delay is all but inevitable. Three frames at 60 
frames per second means 50ms. (You can convert frames per second (fps) to mil- 
liseconds if you divide by 60 and multiply by 1000. So 3 frames at 60fps is 3/6 * 
1000 = 50ms.) 

Mick West, programmer-designer of the original Tony Hawk mechanic, defines 
this as response lag. “Response lag is the delay between the player triggering an 
event and the player getting feedback (usually visual) that the event has occurred. 
If the delay is too long, then the game will feel unresponsive.”? 


2http://cowboyprogramming.com/2008/05/27/programming-responsiveness/ 
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FIGURE 2.10 Response time and player perception. 


Mick notes that games with a response time of 50 to 100ms typically feel “tight” 
and “responsive” to players. This is because 50 to 100ms is within one cycle of the 
human perceptual processor. Above this level, a game”s controls begin to feel slug- 
gish. The progression, from responsive to unresponsive, is gradual (Figure 2.10). 


Mick West on Responsiveness 


Check out Mick's articles about programming for responsiveness at www 
.cowboyprogramming.com. He offers an awesome technical grounding for 
avoiding response lag as well as an engagingly practical way to measure 
response time in any game using an inexpensive digital camera (recording both 
screen and controller at 60 fps). 


There's no exact point at which a game”s response lag can be said definitively 
to have gone from tight to sluggish, because other factors, such as mapping and 
polish effects, can shape this impression of responsiveness. But there is a threshold 
above which the sensation of real-time control is broken: 240ms. Past this response 
time, the player can perceive, think and act before the computer is ready to accept a 
new input. 


Continuity 


If it takes a player 240ms to perceive, think and act, how is it that the computer has 
to finish its tasks and offer feedback within 100 ms for the response to seem instan- 
taneous? This is because all the human processors run concurrently (Figure 2.11). 
The perceptual processor passes information along to the cognitive proces- 
sor, then starts cycling again. By the time the instructions from that original cycle 
have been sent out into the world as movements of the muscles, three perceptual 
frames have passed. In real life, this never matters because the response is always 
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FIGURE 2.12 The three processors running concurrently, passing into a game and back. 
This time, there is some delay. 


instantaneous. When the motor impulse passes to a game, though, there will always 
be some lag (Figure 2.12). 

What this means is that the game needs to update faster than the player's per- 
ceptual processor is running. If it doesn't, the feedback from the game will skip per- 
ceptual frames, and the player will be aware of the lag. The game has to enable 
input at any time even though the player won't be giving it all the time. This enables 
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the player to modulate an input over time, adjusting it incrementally. The steering 
wheel will remain pulled to the left and the car will continue steering to the left 
even though the player adjusts how much it's turning at 240ms intervals. This is the 
threshold of continuity: the computer half of the process must update consistently at 
or below 100ms for real-time control to be sustained. 

Continuity is tricky to measure. Many games respond to input at some times and 
not at others. This can be a frame rate drop, a delay between the computer and the 
display or a problem with the processor being overloaded by too much awesome- 
ness in the game (not being able to pass frames along to the display in a timely 
manner). Any time the computer's half of the process takes more than a cycle of the 
perceptual processor, the player will notice. If it takes more than a correction cycle, 
real-time control is broken. 

Other times, however, the delay is part of the game. For example, if I execute a 
fierce punch with Zangief in Street Fighter II, I lose control of the character for about 
750ms. This is longer than the threshold needed for an ongoing correction cycle by 
510ms. This temporary loss of control is ignorable, though, because I chose when to 
trigger that move. It becomes a risk-reward tradeoff rather than a disruption. It also 
makes sense in the context of the game's unique world. Big dude, heavy punch, 
does lots of damage. It should take a long time to execute. I knew what I was get- 
ting into. This shows that the continuity of real-time control can be broken without 
interrupting the player's feeling of being in control. 

This makes interruption more than simply a response time too long or broken 
continuity. It means interruption can be smoothed over by other factors, such as 
metaphorical representation. Real-time control, then, is a gestalt. It primarily relies 
on the computer sustaining three thresholds over time, the impression of motion, 
instantaneous response, and continuity of response. 

But the ultimate judge is the player. The designer may have done something 
clever with input mappings or animations to mask any interruption to the flow of 
control. The end result is an impression in the player's mind. If it feels like real-time 
control, it is. 

Now let's explore perception and game feel implications for game design from a 
more general point of view. 


Some Implications of Perception for Game Feel 


To examine game feel is to see perception in a particular way. First, game feel 
includes many senses. Visual, tactile, aural, proprioceptive—experiencing game feel, 
these senses combine into one sensation. Second, the notion of proxied embodiment 
should be addressed. Game feel enables objects external to the body to be subsumed 
into body image and feel like extensions of the body. Third, game feel is an ongo- 
ing process of skill building and practice. It is part of the larger realm of human skill 
building and relates to skills like driving and playing tennis because it requires the 
same kind of repetitive practice to master. From n00b to 133t, as it were. Lastly, a 
model for perception for game feel needs to encompass the physical nature of game 
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feel. Experiencing game feel is like interacting with a surrogate reality which obeys 
its own rules and which must be understood through interaction and observation. 

Expanding on the experiences in Chapter 1, here are five interesting ideas about 
perception that support our definition of game feel: 


1. Perception requires action. 

2. Perception is skill. 

3. Perception includes thoughts, dreams, generalizations and misconceptions. 
4. Perception is a whole-body experience. 
5 


. Tools become extensions of our bodies. 


Perception Requires Action 


In order to perceive something, you have to see it in action. This has been verified 
experimentally with kittens and blind people. 

The kitten study (Held and Hein, 1963) involved two groups of kittens, each 
raised in the dark. The first group was allowed to roam freely, while the second 
group was “kept passive” which we can only reasonably assume meant a Clockwork 
Orange style tie-down. The experimenters controlled the conditions such that both 
groups of kittens were exposed to the same limited stimulus: flickering lights, sounds 
and so on. Then, they released the kittens into a normal, lit environment. The ones 
who had been allowed to move around in the dark were able to function just fine, 
while the ones who were tied down helplessly staggered around as though blind. 
What this seems to indicate is that perception is an active rather than passive pro- 
cess. The lights and images used to stimulate the kittens didn't make much differ- 
ence; being able to explore their surroundings and perceive things in motion relative 
to their own bodies did. To perceive, you need to interact. 

Another study (Bach y. Rita, 1972) did something similar with a bunch of blind 
folks. The researchers created a special video-camera-driven matrix of stimula- 
tion points, shown in Figure 2.13. A TV camera (mounted on spectacle frames) 
sends signals through electronic circuitry to an array of small vibrators (left hand) 
strapped to the subject's skin. The pattern of tactile stimulation corresponds roughly 
to an enlarged visual image. 

Each vibrator was mapped to a particular pixel of the image that the video cam- 
era was receiving, giving a sort of tactile image of what the video camera saw. When 
the participants were allowed to move the camera themselves, they were able to 
learn to “see” in a limited way. If they were not allowed to control what they were 
“looking” at, the image stimulus device was just a gentle, if unskilled, masseuse. 

The concept that perception requires action has relevance to game feel because it 
accurately describes the sensation of exploring and learning your way around an unfa- 
miliar game space. And it correlates physical reality with virtual reality in a meaning- 
ful way: the thing you're controlling in the game becomes your surrogate body, your 
hands. Humans are adept at learning the physical properties of a new and unfamiliar 
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FIGURE 2.13 A blind subject with a tactile visual substitution system. 


object and do it very quickly. Noodle it around in your hands and you soak up a 
wealth of detail: weight, density, material, texture, color and so on. This same ability 
extends to virtual objects and, interestingly, to virtual worlds governed by different 
rules, laws and physics. For some reason, it's immensely pleasurable to suss out a 
new and unfamiliar world by probing around in it using a virtual instrument. The 
thing being controlled becomes both expressive and perceptual: as you control it and 
move it around, feedback flows back through it to your eyes, ears and fingers. 


Perception Is Skill 


If perception requires action, that action must be learned. We don't usually think of 
it this way, but perception is in some ways just a set of skills, honed across one's 
lifetime. From the moment we're born, we learn new distinctions, forge new neural 
pathways and generally undertake an ongoing process of becoming better at per- 
ceiving. Grab keys. Insert keys in mouth. Rinse, repeat and learn; so it goes until a 
fully functional adult emerges. “Perception is to a large extent an acquired bodily 
skill that is shaped by all our interactions with the world,” as Dag Svanaes says. 
Part of this process is making generalizations and learning abstract concepts like 
justice, freedom and cheesecake. Another part is bringing with us all experiences 
that came before. There's a concept from two venerable psychologists, Donald Snygg 
and Arthur Combs, that vividly portrays the role past experience, ideas, generaliza- 
tions and fantasies play in perception: the perceptual field. People have a great deal 


Near as I can tell, the idea started with Snygg and Combs in 1951 as the “phenomenal field.” Combs 
changed phenomenal field to perceptual field in a later work, so we'll stick with that. I prefer that any- 
way, as it's more descriptive of the concept as it applies to game feel. 
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of practice navigating the space around them and developing relationships with the 
things in that space. Snygg and Combs capture the phenomenon of memory, percep- 
tion and skill building with their concept of the perceptual field. 

The idea of the perceptual field is that perception is carried out against the back- 
drop of all previous experience, including our attitudes, thoughts, ideas, fantasies 
and even misconceptions. That is, we don't perceive things separately from what's 
come before. Rather, we experience everything through the filter, against the back- 
ground, and within the structure of our own personal vision of the world. Another 
way to put it is this: “one's constructed representation of objective reality; the 
meaning given to the profusion of stimuli that bombard the brain and are organized 
and conceptualized on the basis of individual and personal prior experiences.”! 
And still one more way: “The perceptual field is our subjective reality, the world we 
are aware of, including physical objects and people, and our behaviors, thoughts, 
images, fantasies, feelings, and ideas like justice, freedom, equality, and so on.”º 

So your perceptual field is your world; your structural understanding of every- 
thing you perceive around you and its meaning. 

This is a cool idea because it goes a bit beyond the notion of a simple men- 
tal model, which is more about the dry, clinical details of how a person thinks a 
thing functions (usually compared to the system image, the way the thing actually 
functions). 

In the case of a video game, the brain recognizes that the “world” of the game is a 
subdomain, a microcosm of the larger perceptual field of reality that it understands. 
Ifs apportioned, separate and obeys its own rules. At the same time, the mind brings 
all its past stored experiences to the table to help it understand this new place. 

The difference is that a game world is not necessarily governed by the rules of 
physical reality or bound by them. This is a useful way to think about the creation 
of game feel —as the creation of a separate but related physical world. Simplified, 
but whole, cohesive and self-contained. Many times, creating and tweaking a game 
feel system means literally the construction of a set of generalized laws and rules 
that govern all action within the system. It's like writing your own universe from 
scratch: you have your own gravity, your own simple momentum and friction, your 
own simplified definition for what collision between two objects means and how it 
should be resolved. 

The world around you is objective and immutable. You're not going to wake up 
one morning and discover that gravity has suddenly stopped working as expected. 
I throw a grapefruit at a wall, it's going to hit the wall with a thud and fall to 
the ground. This kind of consistency can be frustratingly difficult to achieve in a 
game world. 

Because the way we cope with and understand events in a game world is so 
similar to the way we interact with the real world, we expect the same consistency. 
The tiniest thing can break this perceptual immersion. 


*http://phenomenalfield.blogspot.com/ 
*Dr. C. George Boeree, http://webspace.ship.edu/cgboer/snygg&combs.html 
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Unlike a film, which presents one framed perspective on a world and has only to 
maintain visual and aural consistency within that frame, a game has to stand up to 
active perception. The player can freely explore every possible permutation of every 
action and response in the entire world. This is the skill of perception, the one every 
human being has been constantly honing since birth. 

Because people are extremely skillful at perceiving the world around them, any 
tiny inconsistency becomes glaring and obvious. A character's foot clipping through 
a stair, an invisible wall —these things never happen in the world around us. So this 
process of discovery is much closer to our experience of being in the world than the 
experience of passively viewing a film or reading a book. 

The same mechanisms we use to cope with the world around us, to understand 
it and function within it, come into play when exploring a game world. It is the 
same process of expanding the perceptual field into this new world and probing 
around to make the generalizations and distinctions needed to interact with and 
succeed in the world. 

This is why a consistent abstraction is so much more important than a detailed 
one. It's fine to create a simplified version of reality for players to interact with; 
they'll figure out the parameters of the world—its constraints, rules and laws of 
physics—within minutes of picking up the controller. Just don't violate the rules you 
yourself have set. If an object is portrayed as being large, heavy and massive, don't 
let it go flying off into space with the slightest touch, or pass through another object 
without interaction. Easier said than done, of course, but this is at some level a 
designer's decision. Better to have a simple, tight, cohesive world like Dig Dug than a 
weird, inconsistent world like Jurassic Park: Trespasser. People are going to figure out 
everything about your world either way —our physical reality is much more complex 
and nuanced than any game world, and we've got years of experience at perceiving 
it—better to make it simple and self-consistent than a broad inchoate mess. 

Perception as skill is also correlated to the way people get better at things over 
time. You practice something, you get better at it. Your perceptual field includes an 
ever-growing body of experience about the task, which makes each new try at the 
task easier. It's not just a bank of information to draw on, but affects what happens 
at the moment-to-moment level of perception and action. Chris Crawford would say 
that the neural pathways are getting pushed farther and farther down, away from 
conscious processing and into subconscious, automatic processing. 

Merleau-Ponty defines this distinction as abstract versus concrete movements. If 
an action is unpracticed and requires conscious thought and effort, it is an abstract 
movement. If it's so practiced that it happens automatically and without conscious 
thought—a pure translation of intent into action—then it's considered a concrete 
movement. By this process, people learn things incrementally over time, turning 
what was once difficult and requiring deep, conscious involvement, into an easy 
and subconscious action. Clearly, this is what happens with game feel, though the 
process is almost always much quicker when learning a game skill. 

However we conceptualize it, it is obvious that humans get better at skills they 
practice. And if we consider all perception to be a skill, this handily explains why 
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game feel seems like such a skill-driven activity, why skill learning is the price of 
admission to experience it. Perception in a game world is just a simplified, modified 
version of perception in the real world. The rules are different, but the process is the 
same. 


Perception Includes Thoughts, Dreams, Generalizations and 
Misconceptions 


Another interesting offshoot of the concept of the perceptual field is that it encom- 
passes not only physical reality, but attitudes and ideas. Perception of something 
is heavily influenced by biases, ideas, generalizations and worldview, all of which 
have become incorporated into the perceptual field through a lifetime of experi- 
ences. Of course, generalizations about a particular thing may not accurately reflect 
the objective reality of that thing. 

For example, I have a central heating and air conditioning system in my apart- 
ment. One day I was cold and wanted to adjust the temperature. The wall mounted 
control unit displays the current temperature based on a thermometer which is ... 
somewhere in the apartment. I hope. I think. The current temperature is compared 
to a sliding blue control representing the desired temperature. I assume that if 
I move the sliding control to a temperature different from the actual temperature, 
the air will turn on and will adjust the temperature. The current temperature reads 
61º. I move the control from 63 to 75. The cold air turns on briefly and then turns 
off. A few minutes later, the air turns on for a longer period, blowing warmer air, 
then turns off. Eventually I get fed up and turn the temperature to 90º. Again, the 
air turns on for a few minutes, warm, and then turns off. I get a blanket. An hour 
and a half later, I walk into my office, the door of which has been closed and Pm 
suddenly sweltering hot and realize I've left the temperature on at 90º. I toss the 
blanket, strip down to a T-shirt, and check the thermostat, which now reads 77º. 
I put the thermostat back down to 72. The air turns on for a few minutes, cold, and 
turns off. Gah! 

What's going on here? In my conceptual model of the heating system, there is a 
certain threshold between the actual and desired temperature. If that threshold is 
exceeded—if the desired temperature is 3º above or below the actual, for example, 
the system turns on and applies an amount of heat or cold equal to the change in 
temperature that's necessary to bring actual back in line with desired. 

The reality of the system is that it turns on and blows air, either hot or cold, for 
a certain duration. Five minutes of hot or five minutes of cold, depending which 
way the temperature is supposed to go. The hot isn't particularly hot, and the cold 
isn't particularly cold, but applied across a long enough time scale, they get the job 
done. In addition, the timer that governs how long each on state should last func- 
tions independent of the controls. That is, it's always counting down five minutes 
at a time. If you switch the heat on with 30 seconds remaining on its five minute 
cycle, you get 30 seconds of cold air because it takes a while for the heater to warm 
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up and there are only 30 seconds of “on” remaining before the system goes back to 
the off state. (Oh, and the thermostat, evidently, is in the office.) 

Donald Norman would say that my mental model is out of sync with the “system 
image” of the heating system. I hold in my mind a logical construct, a picture of 
how the system works, but that picture is wrong. This construct frames my interac- 
tions with the system and dictates my expectations about what the result will be for 
a particular input. If my mental model differs from the system image, the way the 
system actually functions, errors occur. Norman would say that this is the design- 
er's fault and go on to point out that the “design model”—the way the designer 
imagined the user would interpret the system—is out of sync with the user's men- 
tal model. This is definitely applicable to game feel as it helps greatly in designing 
what players refer to as intuitive controls. Norman suggests seeking out and exploit- 
ing “natural mapping” between input device and system. 

For example, in Figure 2.14, Stove C makes more sense than stoves A and B and 
is far easier to operate because there is a clear, spatial correlation between the posi- 
tion of the knobs and the position of the burners they operate. Finding natural map- 
pings in games is a similar process, though not always an obvious one. I like the 
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FIGURE 2.14 Three configurations offer three different correlations between stove burners 
and controls. 
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FIGURE 2.15 The motion of the thumbstick in Geometry Wars offers a simple and clear 
connection to the action taken by the ship. 


example of the game Geometry Wars, which tends to be easy for people to pick up 
and play effectively—the movement of the thumbstick corresponds very obviously 
to the motion of the little ship in the game making this something of a natural map- 
ping, albeit one in a virtual space (see Figure 2.15). 

The only problem with Norman's concept of the mental model is its rigidity. To 
say I have a mental model of the world of The Legend of Zelda: The Wind Waker 
could be useful to isolate and tune certain mechanics, to eliminate ambiguities and 
make the controls more intuitive, but it ignores the fact that I have a relationship to 
that world. I feel a certain way about it and think a certain way about it, and break- 
ing that down into a dry, clinical, logic diagram seems to ignore some of the most 
important parts of that relationship, some of the parts the designers understood and 
worked really hard to develop. 

For example, it's extremely important to the success of the game that I feel a 
sense of freedom and adventure while sailing the open seas in the game. I could 
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distill that to a system image of my possible actions while sailing, but that would 
miss much of the point; it's not as important to track exactly how far objects are 
spaced apart or how far I can sail in one direction before hitting something or how 
long it takes to get from object to object as it is to make the space of that world feel 
open, free, but full of possibility. I can sail aimlessly in a particular direction and be 
certain of two things: 1) Tll be free to sail as far as I want in that direction and 2) 
eventually Tll find something new and interesting. The system, speed of the ship, 
sharpness of turning, distance between islands and so on, would be interesting to 
track, as would a player's mental model of that system. But it definitely misses one 
of the essential experiential qualities of the game. A few small changes to the sys- 
tem, making the ship move 20 percent slower for example, could make the oceans 
of Wind Waker feel imposingly large, tedious or lonely. The idea of a perceptual 
field that incorporates not only the system image, but the thoughts, ideas, feelings 
and generalizations about the system that players have brought with them, and 
is constantly forming and reforming, is a much more effective for understanding 
that experience. 

Another important thing that Norman's mental model concept ignores is para- 
digm shifts. “Aha!” moments, as master puzzle designer Scott Kim would say. For 
example, another Zelda game [ve been playing recently is The Legend of Zelda: 
Phantom Hourglass for the Nintendo DS. In that game, there is a particular puz- 
zle that requires players to expand their perceptual field. In one particular part of 
one temple, players are told to step up to an altar and “stamp” their “map” with 
the location of a new area to be explored later (see Figure 2.15). At first, this puzzle 
threw me for a loop. 

To access new areas in The Legend of Zelda: Phantom Hourglass, you first need 
a “sea chart” for that area. The new location to be stamped is outside of your cur- 
rent available areas, but clearly corresponds to the map you've had access to and 
used throughout the game. I systematically exhausted each possible action I had 
ever used in the game, and then some Td only ever used in other games. I pressed 
buttons, I scrubbed the stylus back and forth in every conceivable pattern. I drew 
X's and O's, I traced the pattern of the Triforce over and over again. Nothing in my 
perceptual field equipped me to deal with this puzzle. Clearly, my current under- 
standing of this system was inadequate and flawed somehow. I had to take a step 
back and reflect on my perceptual field. So I started thinking about other possible 
interpretations of stamping, and other possible ways I might stamp this stupid map, 
short of putting the DS on the floor and stamping it with my foot. The solution 
eventually occurred to me: close and open the DS quickly. It's sort of a stamping 
motion, as you can see in Figure 2.16. 

The problem was my perceptual field: in my combined understanding of the DS, 
how the DS functioned and the possible actions in the game, there was no reference 
point for using the functional opening and closing of the DS as an action in the 
game. Across all my experiences with playing DS games—which are numerous—I 
had never come across a game that used the functional closing and opening of the 
DS” lid as a button. New Super Mario Brothers says “Goodbye!” in Mario's voice if 
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FIGURE 2.16 Closing the DS as an input = unexpected. 


you close the lid of the DS while the game is still on, but that was my only point 
of reference, my only hint in the entirety of my perceptual field. I solved the puzzle 
through a paradigm shift, by seeing the system in a new and different way. I felt a 
rush of pleasure and enjoyment as I incorporated this new information about the 
very nature of this game's universe into my perceptual field. I had amended and 
changed my mental model not only of this particular game, but of all games Tl 
ever play on my DS in the future. This was not an error or a breakdown in my abil- 
ity to interact with this system, but the point of the puzzle and, in some sense, the 
whole game. 

So what's going on here? I was rewarded with pleasure by expanding my percep- 
tual field. Norman's mental model would call this an error, blaming the designer for 
misleading the player. Since this is one of the fundamental pleasures of playing this 
game, clearly something's missing. The perceptual field gives us a way to under- 
stand that game feel is as much about how players feel about a particular space and 
their relationship with it, as it is about the dry clinical details of the mental model of 
that space they keep in their minds to help them deal with and understand events in 
that game world. The dry details are important—they represent the player's under- 
standing of the physics and rules of the game world and are a great way to find dis- 
sonance that causes player confusion—but they are not everything. 


Perception Isa Whole-Body Experience 


Eyes, ears, tactile sense, proprioception—there is no separation when a person 
perceives something. 
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For example, a fork. It's shiny and it has a pointy end. It's cold, hard and solid, 
but easy to pick up. I can eat food with it. It sinks in water. My ideas and percep- 
tions about what that object is, how it behaves and what it means, combine into the 
concept of “fork.” This is my attitude toward forks and generalizations I can apply 
later to other fork-like objects. The subconscious nature of perception masks a com- 
plex process, one which involves all the senses and which constantly and rapidly 
brings us closer to the world we inhabit. 

The takeaway here is not to think of each kind of stimuli as somehow sepa- 
rate, but as an integrated part of perception. This is how a combination of visuals, 
sounds, proprioceptive sensations (from the position of the fingers on the control- 
ler or whatever) and tactile sensations (from controller rumble or haptic feedback) 
become a single experience in a game. A game world substitutes its own stimuli for 
those normally created by interacting with the real world, but the experience of per- 
ception is much the same. This also indicates why we're so sensitive to inconsisten- 
cies between stimuli. If a large hulking mass of a character steps through a staircase 
or has their arm pass through a wall, the brain says, “Hey, that's not right!” 

The experience of perception of real-life phenomenon never has inconsistencies 
across stimuli so the brain has a hard time ignoring them when they happen in a 
video game. 


Tools Become Extensions of Our Bodies 


As we said in Chapter 1, a tool, once picked up, is an extension of the senses. It is 
used for both action and perception. Intent and action can be expressed through the 
tool as though it were a part of the body, and feedback flows back through it. 

Another way to visualize this is to think about a blind man's cane. When the 
blind man first starts using a cane, it is unfamiliar and requires a lot of reflection. 
The tapping movements are unpracticed, abstract movements to him. As he gradu- 
ally builds skill at perceiving the world through the cane, he is able to more accu- 
rately and effortlessly tap around, getting a clearer read on his surroundings. His 
intent begins to flow effortlessly from the cane, any barrier between himself and the 
cane is removed, and the cane becomes an integrated part of his perceptual field. 
The cane now acts just as his hand would; it probes around, touching things, inter- 
acting with the world around him and returning him crucial orienting feedback. This 
helps him establish a much larger personal space (also sometimes called the “per- 
ceptual self”). Quite literally, his perceptual field has been extended to a much larger 
physical area around him. Effectively, he's made his arm's reach much greater. We 
might say that by integrating the tool of the cane, he's changed his world. 

So what does the blind man and his Cane of Reaching +3 teach us about game 
feel? One interesting distinction is between body space and external space. When 
we interact with the world, we perceive our bodies in two ways, as part of our 
self and as one object among the many objects of the external, objective world. As 
Dag Svanaes puts it: “The bodily space is different from the external space in that 
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it exists only as long as there are degrees of freedom and a skillful use of this free- 
dom. The bodily space is mainly given by the subject's specific potentials for action. 
For a totally paralyzed body with no kinesthetic experiences, there is no bodily 
space. Different bodies give rise to different spaces, and so do external factors such 
as clothing, tool use and different kinds of prosthesis. It is important to notice that 
learning a new skill also changes the body space.” 

This idea, that bodily space is defined by the potential actions of one's body 
in the world, correlates very clearly to the way players interact with game worlds. 
Players tend to think in terms of abilities and constraints within a game world. It is 
possible, and often desirable, to create a game where abilities change across time, 
where the avatar itself has different tools that change across time. For example, if 
Pm playing as Samus Aran my abilities, my “bodily space” as Samus within the 
game world of Metroid, are defined by the abilities currently available to me. I may 
or may not have the Morph Ball. If I do, I can transform into a small rolling sphere 
and explore tiny corridors. The very nature of the world has changed, as has my 
potential to interact with it. The objective world of Metroid is the same as it ever 
was—every block is still in the same position it was before. My abilities, my verbs, 
my virtual bodily space have changed the world. 

The interesting thing about this thinking is that it does not consider Samus 
Aran a tool. To say that we can incorporate a tool into our bodies, that the tool can 
become an organ of expression and perception, and that our identity and perceptual 
field subsume it is useful, doesn't quite define what happens when a player takes 
control of an avatar in a game. I wouldn't call Samus Aran a tool. Not just because 
she has an “identity” as a freestanding character that Pm temporarily inhabiting 
and controlling, but also because she has her own bodily space. She has her own 
tools which can become a part of her body and extend her own perceptual space. 
In this way, a video game world is truly a microworld, and perception within this 
microworld is a surrogate for real-world perception. It's an interesting idea—it 
seems to explain why identity in a video game is so very malleable. You can go 
from “being” Gordon Freeman one moment to cursing his vile clumsiness the next. 
This is because the constructed subdomain of a video game reality provides two 
other kinds of spaces: virtual bodily space and virtual external space. 

A video game has its own model of reality, internal to itself and separate from 
the player's external reality, the player's bodily space and the avatar's bodily space. 
The avatar's bodily space, the potential actions of the avatar in the game world, is 
the only way in which the reality of the external reality of the game world can be 
perceived. As in the real world, perception requires action. The difference is that 
the action in the game world can only be explored through the virtual bodily space 
of the avatar. Players extend their perceptual field into the game, encompassing the 
available actions of the avatar. The feedback loop of perception and action that ena- 
bles you to navigate the world around you is now one step removed: instead of 
perceiving primarily through interaction of your own body with the external world, 
you're perceiving the game world through interaction of the avatar. The entire 
perceptual apparatus has been extended into the game world. 
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To wrap back to our earlier discussions of identity and game feel, how does this 
concept of avatar as perceptual substitute, rather than extending tool, relate to prox- 
ied embodiment? Because a game world represents its own reality external to its ava- 
tar's bodily space in the same way that the physical world is external to our own 
bodily space, it seems much more like a substitution than an extension. The same 
might be said for identity. We said that objects outside ourselves—and objects in a 
game world—can become extensions of identity. Vessels for identity might be more 
accurate. The view of tool as extension of body defines the “self” is in terms of per- 
ception. The perceptual self is the immediate surrounding environment and your 
ability to interact with it, your potential for action. To say “he hit me!” instead of “he 
hit my car” or “his car hit my car” is an artifact of the way we perceive the immedi- 
ate environment around us and the fact that an inanimate object can become a part 
of the perceptual self, part of the perceptual field. You literally perceive the world 
through the car as you actively control it. Again, though, the way we perceive game 
feel seems to be much more of a substitution than an extension. I perceive the world 
of Hyrule as Link, via his virtual body space. My identity intermingles with Link's as 
Itake over and make my own his skills and abilities, his bodily space. 


Summary 


Where and when does real-time control exist? On the human side of the 
equation, we categorized three types of processors (perceptual, cognitive and 
motor), which work together in a closed feedback loop. This feedback loop results 
in an ongoing correction cycle. In a video game, at the point where action normally 
goes out to physical reality, the designer substitutes a game world for the real world. 
This reinforces the idea from Chapter 1 that game feel is an experience of a unique 
physical reality. 

On the computer side, real-time control relies on sustaining three time thresh- 
olds: the impression of motion, perceived instantaneous response and continuity of 
response. Knowing the duration of the human correction cycle and the relationships 
between the three human information processors, we can say with certainty that a 
particular game has or does not have real-time control. The unknown variable here 
is the player's perception. In the end, game feel is an impression in a player's mind. 
Examining the frame rate, response time and continuity of response in a game and 
comparing this to the thresholds of 10fps for motion, 240 ms for control and 100ms 
for continuity gives us a baseline and is useful for classification. But motion at 10 fps 
feels stilted and a 200ms response time feels sluggish. These impressions can be 
smoothed over by the use of gestural input or by playing back animations. In the 
end, the player's perception is what's important. The ultimate goal for game feel is 
to create an impression in the player's mind. 

Finally, we looked at some of the other implications of human perception: 


1. Perception requires action. 


2. Perception is a whole-body phenomenon. 
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3. Perception is an effortless fusion of visual, aural, tactile and proprioceptive 
stimulus. 


4. Perception is an ongoing process of skill-building. 


5. Perception can be extended to tools. 


These explain, in terms of human perception, the experiences outlined in Chapter 1. 
Understanding how human perception works offers us insight about the imperfect 
apparatus of human perception that we're designing for. Knowing this will help us 
to develop a palette of game feel that's separate from the emulation of reality and 
doesn't borrow from film or animation except where applicable. If we understand 
how perception works, we can build games that feel good instead of trying to build 
games that feel like things that feel good. 
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